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PREFACE 


This book has no pretension to tbe character of another history 
of Chemistry. We already possess many histories, of which 
some, like Kopp's well-known GescTiichte and Thomson's History^ 
relate to times now long gone by and have not been continued to 
the present; others relate to particular periods and are either 
too superficial to be exact or furnish merely a catalogue of 
names. There are also a few biographical and autobiographical 
works, each of which in its way is interesting and valuable. 
Such, for example, are Henry’s Life of Dalton, Wilson's Life of 
Cavendish, the Life of Dat^y by his brother John, Bence- 
Jones' Life of Faraday, Irankland’s Autobiography, Berzelius' 
Autobiography, Lavoisier by Grimaux, Eobert Boyle by Flora 
Masson, Ramsay by myself, Life and Letters of Black by Eamsay, 
Pasteur by Valery Eadot, of which an English translation by 
Mrs. Devonshire has recently been issued. But many others 
have not been written, except in comparatively short obituary 
notices issued by various scientific societies; in this category 
the name of A. W. Williamsbn is conspicuous. Thorpe’s Essays 
in Historical Chemistry is a well-known volume, but the bio¬ 
graphical. sketches, admirable as they are, are independent of 
one another and have no connecting link. 

The origin of the present work was a suggestion from a friend 
which harmonised with my own experience. Many times in 
conversation I have been painfully struck by the general ignor¬ 
ance concerning the personal history and doings of men who 
have created epochs in their respective sciences. Among those 
who have supplied indispensable links in the chain of events which 
has culminated in the present state of knowledge in chemistry 
there are but few whose names are known even among well- 
educated people. And yet the story of their lives is full of 
interest and instruction for all who care about the progress of 
science. 

The present volume is an att^pt to sketch, in a style suitable 
for general reading, the lives of some of the most prominent 
chemists of the past. As it is obviously impossible for one person 
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IX. 


The author’s cordial thanks are due to the Council of the 
Chemical Society for permission to reproduce the portraits of 
Cannizzaro and Mendeleeff, as well as to several friends for 
assistance or information. Among these must be speciallv 
mentioned Professor Svante Arrhenius of Stockholm, Dr. Im. 
Bjorkhagen, Professor of Swedish in University College, London, 
Professor Alhm Haller of Paris, and Mrs. A. W. Williamson. 

He ^ further deeply indebted to Dr. Martha Annie Whiteley, 
of the Imperial College of Science and Technology, for reading 
the whole of the proofs. ° 

This opportunity must also be used for reporting a fact of 
which the author has only recently become aware. Robert Boyle 
is said to have been Puried in the chancel of St. Martins-in-the- 
Pields. This statement is made in Birch’s Life of Boyle and has 
been repeated in other biographies. The church referred to was, 
however, pulled down in 1721 and was replaced by the existing 
church. In the destruction of the old church the monuments 
and the remains buried there were all removed, but there is no 
complete record of what became of them. The enq_uiry is being 
pursued, but up to the present with no satisfactory result. 

W. A. T. 

Hobthwooi), March, 1921 . 
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ROBERT BOYLE 

The Father of Chemistry 

(1627—1691) 

CHAPTER I 

BOYLE 

Chemistry as a branch, of physical science belongs to quite 
modern times. It is true that many arts in which chemical facts 
and principles are involved were practised in remote antiquity. 
For example, glass, which consists of an artificial mixture of 
silicates made by melting together some kind of alkali with sand 
or flint was known long before Greek or Roman times, and 
many specimens of elegant glass vessels of those periods are to 
be seen in museums in which antiquities are preserved. The 
bottles used for water ox wine mentioned in the Old Testament 
were doubtless made of pottery or skins of animals, but in 
Revelations (iv. 6) the description of the sea of glass like unto 
crystal ” shows that in those days, the first century of the 
Christian era, the appearance of glass was familiar. Soap again 
for use in washing was known long ago, though when actually 
in common use for this purpose is uncertain. In the excavations 
of Pompeii a soap-boiling establishment was discovered, so that 
it was known to the Romans. However, wood ashes, and 
especially the ash of several plants growing near the sea, were in 
early times the only substances in general use for cleansing 
purposes. 

The art of dyeing has been practised from remote antiquity, 
and evidence of the high degree of success attained in the opera¬ 
tion of fixing colouring matters and producing patteins on linen 
cloth is afforded by the mummy cloths of Egypt, several thousand 
years old, which are to be seen in the British Museum and 
elsewhere. 

The extraction of several metals, such as lead, copper, iron, 
tin, gold, silver from their ores, has also been known from very 
early times, and the chemical action of fuel in reducing metals 

B 




2 


HiUaiUUk. V-'XJ-iijiJ-ujLKj 


from their mineral forms has been utilised, though of course the 
true explanation of the change was quite unknown. Later in 
time the alchemists of the fourteenth, fifteenth and sixteenth 
centuries learnt by mere experiment to make a number of 
definite chemical compounds, such as nitric, sulphuric and 
muriatic acids, and they recognised the power of dissolving gold 
possessed by a mixture of nitric and muriatic acids, hence named 
aqua regia, gold being referred to in alchemical writings as either 
sol, the sun, or rex nietallorum, the king of metals. Eoger Bacon 
is credited with the invention of gunpowder in the thirteenth 
century, though it is probable that a similar mixture of nitre, 
sulphur and charcoal had been known to the Chinese long 
before that time. Phosphorus is another substance interesting 
to the chemist which was first obtained by an alchemist, Brandt 
of Hamburg, in the seventeenth century. 

It is eertaia, therefore, that many chemical elements and 
definite compounds were known and several important arts 
dependent on chemical principles were practised long ago. The 
knowledge of these and similar operations was acquired partly by 
accident, partly by crude experiments, and does not constitute 
science. Enowledge only becomes science when accurately 
established facts are Imked together by some explanation, which 
is referred to as a hypothesisor a theory,” according to the 
solidity of the foundation on which it is believed to rest. It is 


unnecessary to do more than mention the most ancient doctrines 
concerning the constitution of matter, for they contributed in no 
way to the advancement of science, but rather retarded it. The 
60 -called elements, fire, air, earth and water, were probably 
regarded by Aristotle as merely symbolical of the diverse pro¬ 
perties of matter, but by most philosophical writers, as well as in 
popular parlance, they continued to be referred to as the funda¬ 
mental principles of all things through long centuries down to 
the times of the alchemists. Evidence in favour of this idea was 
supposed to be derived from observations of common phe¬ 
nomena For example, it would be pointed out that where wood 
bmns, t ere is the display of fire, and an evolution of smoke 
(anj, water escapes as steam, and finally there is a residue of 
ash, which is manifestly of the nature of earth. The time of 
e^ct observation and accurate experiment, however, did not 

Sw® 7“ operations were 

direci-ed ciiefly to the discovery of a universal medicine, the pro- 
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perty of which would be to cure all human diseases, and to trans¬ 
mute the base metals, such as lead and copper, into the noble 
metals, silver and gold. A number of useful discoveries were made 
by the alchemists, but their experiments being chiefly of a qualita¬ 
tive character, and little impedance being attached to the weights 
of either materials or products, most of their observations were 
of little value. In the endeavour to find an explanation of the 
results of their experiments they were led to substitute for the 
four elements of Aristotle a new system of three first principles, 
tria prinia, which were named salL sulphur and mercury. Appa¬ 
rently, however, none of the writers belonging to the alchemical 
period down to near the end of the seventeenth century had any 
clear idea of what was to be understood by these terms. The 
salt or sulphur extracted from the material operated on, whether 
of mineral, vegetable or animal origin, did not always present the 
same characters and was itself manifestly a mixture of more than 
one thing. Consequently the idea of an ele77ient as something 
simple or uncompounded and incapable of analysis into two or 
more distinct ingredients had not taken definite shape. The 
fundamental idea necessary to the science of chemistry is a clear 
definition of the terms element and compound. If A is united to 
B the result is indisputably compound. But whether A is to be 
called an element depends on whether it is possible to take 
anything out of it which is different from the original A, leaving a 
residue which is also different from A. Thus there can be no 
doubt that iron rust consists of a compound, because by suitable 
experiment both metallic iron and oxygen can be extracted from 
it, while iron and oxygen are regarded as simple or elementary 
kinds of matter because from them can be produced only iron 
and oxygen respectively and nothing else. This conception 
involves another which, though commonly enough accepted, is 
usually neglected or unexpressed in popular language, and that 
is that every substance has fixed properties of its own by which 
it is identified. How, for example, is water recognised ? The 
answer is that it is a tasteless, incombustible liquid which sets 
into a crystalline solid (ice) at 0° C. (32® F.) and boils under 
atmospheric pressure at 100®C. (212® F.), and when seen in small 
quantities appears colourless. There are no two kinds of water ; 
rain, river, spring and sea waters owe their differences of taste, 
colour and other properties to the presence of gases, salts and 
other substances added to the water by natural operations. 
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The pliilosopliers of ancient times settled everything by 
conjecture. Ttey supposed that the earth was flat, and that 
the heavenly bodies existed for its benefit and moved round it 
in orderly procession. Similarly they supposed that all material 
bodies were made of fine particles or atoms, as already men¬ 
tioned, of certain primal stuffs, symbolised by the four elements, 
fire, air, earth and water, while some even conceived the idea 
that there was one element only, namely, water. 

Science, however, rests only on observation and experiment, 
and whatever hypothesis or theory is adopted in order to classify 
or explain the phenomena observed it ought to be received only as 
a temporary expedient necessary for the assistance of the mind, 
and liable to be superseded when the state of knowledge has 
advanced far enough. Hence in respect to the science of 
chemistry, while there can be no difference of opinion concerning 
materials which are known to be compounded or mixed, the idea 
attached to the word element may undergo modification in course 
of time, and whether the number of substances to be included 
under this term is hmited, and how they are to be recognised as 
'pnmal remains to a certain extent an open question. But so 
long as confusion in language concerning the subject remained 
there must be confusion of thought, and although many useful 
facts were known, as already explained, no science of chemistry 
could exist. 

^ Tie first wnter to bring light into the darkness previouslv 
existing was therefore rightly called the Father of Chemistry.” 
This was the famous English experimental philosopher, the 

Honourable Robert Boyle. 


Son of Richard, the first, the Great,” Earl of Cork. Robert 
TOs bom on January 26th, 1627, in the reign of Charles I. 
me circumstances of his life illustrate in an interesting way the 
frequent coincidence of intellectual activity with political or 
revolutionary disturbance in a nation. For Boyle was a witness 
of the destruction of the British Monarchy and its restoration 
violent parhamentary oscillations and repeated changes in the 
national religion, the Great Plague and the Great Kre of London 
^ong ^yle s contemporaries may be counted not only feaac 
J«e™, but more t^n one philosophical and historical writer 

tClarendon, for example - the 
architect Christopher Wren—the poets Milton. Dryden^Butler 
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and others. John Bunyan was two years younger, and ‘William 
Penn, the founder of Pennsylvania, born in 1644, was to lead the 
defence of the ever-persecuted Quaker Friends. The diarist, 
Samuel Pepys, was six years Boyle’s junior, and afterwards 
associated with him in the Eoyal Society, as also was Evelyn, an 
intimate friend of Boyle, who survived him some fifteen years. 

An account of Robert Boyle during his minority was left by 
Boyle himself under the pseudonym PMlaretus^ and from this 
autobiography, though never completed, several incidents of his 
early life may be extracted. As soon as possible after his birth, 
“when Philaretus was able without danger to support the 
incommodities of a remove, his father, who had a perfect aversion 
for their fondness who use to breed their children as if they were 
made of butter or of sugar, sends him away from home and 
commits him to the care of a country nurse, who by early inuring 
him, by slow degrees, to a coarse but cleanly diet and to the 
usual passions of the air, gave him so vigorous a complexion that 
both hardships were made easy to him by custom, and the 
delights of conveniences and ease were endeared to him by their 
rarity.” 

Robyn, as he was called by his father, did, however, “ ever 
reckon it amongst the chief misfortunes of Lis life that he did 
never know her that gave it him,” for his mother died in 1630 when 

was about four years old. All his brothers and sisters were 
put out to nurse in the same way. There was a very large family, 
and many of their docendants are living at the present day. 

Roger Boyle (the first), bom at Youghal in 1606, was sent to 
school in England when he was seven years old. He stayed the 
greater part of the time with relatives of his mother, at Deptford, 
and there after a short illness he died. Jn those days illness was 
a terrible misfortune to befall a child, for if the disorder itself did 
not prove fatal the ministrations of the doctor were usually well 
calculated to bring about the same result. The child was buried 
in Deptford Parish church. At the time of his death there were 
four daughters, and in 1612 a son Richard was born. He 
became Lord Dungarvan and succeeded Lis father as second 
Earl of Cork, and in 1663 was created Earl of Burlington. A fifth 
daughter, Katharine, was born, and at the age of sixteen became . 
the wife of Richard Jones, third Viscount Ranelagh ; she was in 
after life the dearest friend and companion of her young brother 
Robert, the philosopher. Robert was the seventh son and 
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fourteentlL cMld out of a total of fifteen born to the Earl and 
Countess of Cork At the time of his birth his two eldest sisters 
were already married, and the others passed the same way as soon 
as they were old enough, the age of fourteen being no uncommon 
period in those days. 

During the years which followed Robert s birth at Lismore 
Castle there was much journeying to and from Dublin and 
London, and on one of these excursions from Dublin to Lismore 
the family coach in which the boy was placed was overturned in 
crossing a stream and he narrowly escaped drowning. The boy 
was now being taught under private tutors to write and read and 
to speak a little Latin and French, and by the time he was nine 
years of age he was sent, together with his brother Frank, who 
was twelve,'' to be schooled and bred at Eaton.” In those days 
the journey from the Irish home to school was no easy matter. 
On land they rode on horseback, and to cross the sea it was often 
necessary to wait for a wind. On September 9, 1635, the boys, 
under the charge of two servants, set out from Lismore, and after 
waiting at Youghal, detained by the weather, they travelled by 
way of Bristol and ultimately arrived at Eton on October 2nd. 
Robert was a somewhat delicate, quiet boy with a slight stammer, 
but reported to his father as preferring learninge afore all other 
virtues and pleasures,” and by no means fond of games, as his 
brother was. 

The doings of the two boys at Eton were reported to their 
father chiefiy by their servant Carew, who had been one of their 
escort from home. Sir Henry Wotton, the Provost, had received 
them very kindly, had provided them with a bed till their own 
quarters were ready, and had assigned them to the care of Mr. 
Jolm Harrison, the “ chief schoolmaster ” or Rector of the 
College. 

Tne boys ^ed in hall with the other boarders, and at night 
they supped in their own rooms or in those of some of their 
companions, among whom were the sons of the Earl of Northamp¬ 
ton and those of the Earl of Peterborough. Apparently they 
little indulgence in the way of food or hours. They 
are upp every morning at half an hour afore 6, and so to scoole 
to pmyers.” It may be surmised that the discipline at Eton, 
which was so severe in Roger Ascham’s time as to have furnished 
the occasion for the composition of his Scholemaster ” about 
sixty years before, had been somewhat modified, at any rate in 
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favour of the sons of noblemen. Possibly the easy-going dis¬ 
position of the Provost may have contributed to some relaxation. 
And Eobert in his own recollections of Eton sets down in Phi- 
laretus a full recognition of his indebtedness to the master John 
Harrisonj^in whose house he lived and under whose gentle and 
indulgent supervision he spent three happy years. Other 
recollections of his schooldays include several accidents, each of 
which came near to putting an end to his career before it was 
seriously begun. The most extraordinary of these accidents was 
the falling of a great part of the wall of their bedroom in Harri¬ 
son’s house. Eobyn in the big four-post bed was nearly sufio- 
cated with dust, but wrapping his head in the sheet escaped all 
but inconvenience. Prank, however, talking with some other 
boys round the fire, was nearly crushed by the falling ceiling 
and the furniture from the room above. 

Another accident was due to the mistake of the apothecary, 
who gave him a dose out of the wrong bottle. Fortunately, 
being more than usually repulsive, his stomach failed to retain 
the potion. This accident,” says Philaretus, “ made him long 
after apprehend more from the physicians than the disease, 
and was possibly the occasion that made him afterwards so 
inquisitively apply himself to the study of physick, that he might 
have the less need of them that profess it.” 

In November, 1638, the boys were removed from Eton and 
carried to theic father’s manor at Stalbridge in Dorsetshire. 
The house and lands had been purchased by the Earl about two 
years earlier. This investment was probably part of a plan to 
enable him to have a residence nearer to the Eong and Court than 
the castle at lismore on the other side of the water. These 
were days full of trouble for the old man: the contests with 
Wentworth (afterwards Earl of Strafiord), the Lord Deputy in 
Ireland, and, what was worse, the action of the Star Chamber in 
reference to his title to his lands in Ireland. This in the end cost 
him £15,000 by way of redemption, and must have severely taxed 
the resources by which the great establishment at Lismore was 
kept going. 

At Stalbridge the boys were soon put under the charge of the 
parson as boarders and pupils, undisturbed for the time by the 
beginnings of civil war in which their father and several of their 
brothers were taking part on the Eoyalist side. It was not long, 
however, before, in accordance with the custom of those days. 
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the elder boy, Frank, was engaged to a young maid-of-lionour 
to tke Queen; and in October, 1639, was married to Elizabeth 
Eilligrew with, great ceremony in the chapex at WMtenall. 
The bride was “then fourteen years of age and the bridegroom 
about sixteen. Marriage, however, did not prevent his being 
sent a few days later with bis brother Robert under the charge of 
a tutor, M. Marcombes, of Geneva, to travel on the Continent. 

Marcombes bad already, during two years on the Continent, 
bad charge of Robyn’s two elder brothers. One of these was 
Roger the second, bom in 1621, afterwards Lord Brogbill and 
first Earl of Orrery. The other was Lewis, Lord Kynalmeaky, 
bom in 1619, and killed at the battle at Liscarrol in 1642. Mar¬ 
combes bad been very justly recommended to the Earl by Sir 
Henry Wotton, and in the five years which followed he showed 
bimseif not only a good teacher but a judicious and friendly 
companion and guide for the two boys, Frank and Robyn. 

The whole party of five persons, including two servants, 
sailed from Eye, and after a rough passage they landed at Dieppe 
and pushed onto Paris, Here, joining with other travellers, they 
made up a party of twenty horsemen, all suitably armed with 
swords and pistols and, journeying on, in nine days they reached 
Lyons. After a stay for a time in Lyons the boys and their 
tutor crossed the mountains of Savoy, and in three days’ time 
reached Geneva, where M. Marcombes resided with bis wife and 
family. There for about two years the young brothers remained. 
They learned not only to speak the French tongue fluently but 
were instructed in the usual school subjects, which then included 
fencing, dancing and fortification. Above all they were under 
the influence of Calvinistic protestantism, by which 1 hey were 
protected from intercourse with Roman Catholic priests or laity. 
This undoubtedly assisted in giving a direction to Robert’s 
serious character, which retained its influence throughout his life. 

Robert was reported by M. Marcombes always studiously 
inclined, and preferring the reading of romance or history to such 
games as “tennisse.” They were well fed and well cared for, 
and PhUarOus speaks in very high terms of M. Marcombes, who 
indeed appears to have played the part of a generous friend at 
the time, a little later, when Robert found bimseif in a dilemma. 

M^e at Geneva “an accident which he always used to 
mention as the considerablest of his whole life” occurred to 
Robert Boyle. And as it gives a view of one side of his character 
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a short account of it- must not be omitted. The whole story is 
told by PMLa/reius: 

“ To frame a right apprehension of this you must under¬ 
stand that though his inclinations were ever ^drtuous, and his 
life free from scandal and inoftensive, yet had the piety he was 
master of already so^ diverted him from aspiring unto more, that 
Christ, who long had lain asleep inhis conscience (as He once did 
in the ship) must now, as then, be waked by a storm.” He 
found himself, in fact, at midnight in the midst of one of those 
great thunderstorms which happen once or twice in every 
summer season among the mountains. The storm would appear 
to have been one of unusual violence and in his terror at what 
appeared to him the approach of the day of judgment, the boy 
was led to resolve and vow that if his tears were that night 
disappointed all his further additions to his life should be more 
religiously and watchfully employed. The morning came and a 
serener cloudless sky returned, when he ratified his determination 
so solemnly that from that day he dated bis conversion; re¬ 
newing now he was past danger the vow he had made whilst he 
believed himself to be in it.” 

Nothing on record in regard to his later life would seem to 
suggest that the vow thus made and confirmed had lost anything 
of that controllmg and directing influence which manifestly 
played a part in all the days of his youth. 

In the spring of 1641 they bought horses and, longing for a 
holiday, the tutor and the hoys set out for an excursion into the 
neighbouring country. On their return to Geneva they round 
letters from the Earl giving them leave, evidently reluctantly, 
to travel in Italy. The preparation for such a journey was no 
light matter. Madame prepared for them new linen and M* 
Marcombes bought for them new suits of clothes. The father’s 
anxieties for their safety m a strange country were mingled with 
ambition for their instruction and advancement. So after due 
preparation they set out in September, 1641, all well-horsed, and 
again they found themselves in the mountains. PJiUdTCtus tells 
so much of their journey that their route can be followed across 
the Grisons into the Val Tellina and so on to Bergamo and the 
plains of Lombardy, ultimately reaching Florence. Here they 
sold their horses and settled down for the winter. Both the boys 
saw much which both amazed and amused them; Frank at¬ 
tracted by the gaiety of the carnival and the balls, while Robyn, 
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having carried Lis books with him, often insisted on reading even 
on the road. In March, 1642, they visited Home, where they 
saw the Pope and his Cardinals in chapel, but to escape the heat 
they soon returned to Florence. They then made their way 
gradually northward, and in May, 1642, they reached Mar¬ 
seilles, where they expected letters from home. Here they were 
met by news of serious misfortune, for when, after some days, it 
arrived, the letter from the Earl told of his great difficulties in 
regard to money, and though forwarding a remittance for their 
expenses through his agent in London, it never reached them. 
Eobert was then only fifteen years of age, a boy of sedentary 
habits, a student, a dreamer. Without funds all they could do 
then was to separate, Frank, the elder, making the best of his way 
to Ireland, while Eobert returned with M.Marcombes to Geneva. 
Here he had to remain with the Marcombes family during the 
hard and troubled times in Ireland in which one of his brothers 
was killed and his father died. In 1644, with the assistance of 
Marcombes, Eobert got back to London from Geneva, after an 
absence of nearly five years. 

England at this time was in the throes of the civil war, and 
even families were divided. All Eobert Boyle’s brothers had 
been or were in the Eoyalist army, while his sister, Lady Eane- 
lagh, leaned toward the Parliamentarians, and showed her 
sympathies when she befriended the poet Milton in the days 
following the Eestoration, when all Cromwellians were in danger 
and some sufiered with their lives. 

Philaretus therefore reports that “ upon Lis return to England 
he went imm ediately to his beloved sister Catherine, Viscountess 
Eanelagh, a lady remarkable for her uncommon genius and 
knowledge.” 

There was no question of his joining the King’s army, or, 
indeed, of fighting on either side. As soon as possible he wrent to 
tafe possession of his own manor of Stalbridge, left to him by his 
fa-mer. He then proceeded to raise money enough to repay the 
debt he had inciured to M. Marcombes and, with leave obtained 
Parliament, he visited the Continent in the autumn of 

164d. 

It was now time for him to settle down and do what was 
possible to put order into his affairs. Boy though he was, being 
then barely twenty years of age, he took a serious view of all the 
anairs of life, not only personal, but political, and especially 
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religious. He carried on by biinseK sometbing of the studies 
undertaken under M. Marcombes, to whom he wrote giving an 
account of what he was doing and asking for information about 
the ‘‘ways of husbandry’’ practised about Geneva. But 
beside writing “ divers little essays both in prose and verse,” a 
practice to which he was much addicted all his life, he was apply¬ 
ing himself to “ natural philosophy, mechanics and husbandry 
according to the principles of our new philosophical college.” 
Later in the letter he invited M. Marcombes to bring to England 
any good receipts or good books “ which will make you extremely 
welcome to our invisible college.'' Boyle was already admitted 
to the meetings of the club in London, which was the forerunner 
of the Eoyal Society. 

The history of the Eoyal Society has been written so often 
that it is imnecessary to do more in this place than recall the fact 
that about the year 1645 “ divers worthy persons inquisitive 
into natural pMlosophy and other parts of human learning, and 
particularly of what hath been called the New PhilosojpJiy or 
Experimental Philosophy,''' began to meet together in London, 
sometimes in a private house, sometimes at other convenient 
places, as in term-time at Gresham College. Their business was 
to discuss matters included under “ Physick, Anatomy, Geo¬ 
metry, Astronomy, Navigation, Staticks, Magneticks, Chymicks, 
Mechanicks and Natural Experiments, with the state of these 
studies as then cultivated at home and abroad.” About the year 
1648 or 1649, some of the company having removed to Oxford, 
the members of the club remaining in London continued their 
meetings there, while the residents in Oxford carried on similar 
meetings, part of the time in the lodgings of Eobert Boyle. The 
Oxford Society became in 1651 the Philosophical Society of 
Oxford, which continued to hold meetings till 1690, when they 
ceased. The London Society continued to meet until the year 
1658, usually at Gresham College, “ till they were scattered by the 
miserable distractions of that fatal year ; till the continuance of 
their meetings there might have made them run the hazard of the 
fate of Archemides, for then the place of their meeting was made a 
quarter for soldiers.” 

In 1660, at the Eestoration, the meetings at Gresham College 
were revived, and toward the end of the year, the King having 
been acquainted with their designs and intentions, and ex¬ 
pressing his approval, the Society was duly constituted with 
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ruies and reguiations for their proceedings. In the following 
year the Society petitioned for a charter of incorporation, and, 
rhe charter ha\dng been granted, passed the Great Seal on July 
loth, 1662. This, therefore, was the beginning of the Eoyal 
Society, but a Second Charter granting further privileges was 
sealed in April, 1663. Eobert Boyle w'as named in the Charter a 
member of the first Council. The King presented to the Society 
the silyer-gilt mace which is placed on the table at each meeting 
of the Society to the present day. 

Boyle was a frequent attendant at the meetings of the ‘‘ in¬ 
visible college “ throughout its early days, and as often as he 
could escape from the solitude of his country retreat at Stal- 
bndge. He had tried to set up a laboratory at his own house but 
witu no great success. This led him to write to Lady Eanelagh 
a despairing kind of letter. That great earthen furnace,” he 
wrote, '' whose conveying hither has taken up so much of my 
care, and concerning which I made bold very lately to trouble 
you, since I last did so, has been brought to my hands crumbled 
into as many pieces as we into sects; and all the fine experiments 
and castles in the air I had built upon its safe arrival have felt 
the tate of its foundation. Well, I see I am not designed to the 
finding out the philosopher’s stone, I have been so unlucky in 
my first attempts at chemistry. My limbecks, recipients and 
other glasses l^ve escaped indeed the misfortune of their in- 
ceiKkaiy, but are now, thiough the miscarriage of that grand 
implement of \ulcan, as useless to me as good parts to salvation 
without the fire of zeal. Seriously, Madam, after all the pains I 
taken, and the precautions I have used to prevent this 
furnace the disasters of its predecessors, to have it transported a 
thouiand miies by land that X may after all this receive it broken 
IS a deXeat that nothing could recompense, but that rare lesson 

It ^^eaches me, how brittle that happiness is that we build upon 
eartJi. 

At the same time he was sufiering the first attacks of pain 
connemed with the renal disorder which haunted him all his 
me. Tne years immediately following were not favourable to 
peaceiui pursuits, for the strife continued between King and 
^arnament which ended iu the triumph of the Parliament and 
the last scene m ’iVhitehaU. But away iu the west, far from the 
tormoJ m Jmndon, Boyle carried on Ms experiments as actively 
as his health permitted. In 1632 he was able to revisit Ireland 
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for tlie purpose of looking after Ms property tliere. to see tie old 
house where he was born and to stand before the tomb of Ms 
father, the great Earl, at Youghal. During the winter of 1653 
he took the opportunity of being in Dublin to gain some know¬ 
ledge of human anatomy. And, as he wrote to a friend, “ that 
I may not live wholly useless, or altogether a stranger in the 
Study of Nature, since I want glasses and furnaces to make a 
chemical analysis of inanimate bofe^, I am exercising myself in 
making anatomical dissections of living animals, wherein I have 
satisfied myself of the circulation of the blood and the (fresHy 
discovered and hardly discoverable) receptacula chyli made by 
the confluence of the mncB lactece, and have seen (especially in the 
dissections of fishes) more of the variety and contrivances of 
Nature and the majesty and wisdom of her Author than all the 
books I ever read in my life could give me convincing notions of 

As already mentioned, some of the members of the invisible 
college ” had migrated to Oxford, and m 1654, to escape from 
the isolation of Stalbridge, Boyle determined to settle there. He 
found lodging in the house of Sir. Crosse, an apothecary in the 
High Street adjoining University College, and there, after 
meeting for some time at Wadham College, the Invisibles carried 
on their weekly meetings. Here Boyle, now about eight and 
twenty years of age, busied himself with studies partly ex¬ 
perimental, partly in the endeavour to gain a knowledge of the 
languages of both the Old and the New Testaments in order that 
he might read the Scriptures for himself in the original tongues. 
During these years he was associated with many learned and 
distinguished men, among whom must be mentioned Robert 
Hooke, a few years younger than Boyle, but a man of great 
ability and activity of mind. Hooke became assistant in Boyle’s 
laboratory, and worked with him throughout Ms investigations 
concerning what he called the Spring of the Air.” 

It must be remembered that the barometer had been invented 
by Torricelli so recently as 1644, and that in 1650 the famous 
Magdeburg hemispheres had been constructed by von Guericke. 
The air gun was also known at tMs time, and is mentioned by 
Boyle. It seems therefore remarkable that so many years of 
experimental labour were necessary before the fact could be 
established that the air has weight, and in the meantime that 
attempts to prove it experimentally were received with ridicule. 

Boyle’s Neiv Experiments Physico-mechanical to-uching the 
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Sp-ing of the Air and its Effects made for the most 'part in a ne'w 
Pmumatical Engine was pubUslted in 1660. This book embodies 
experiments made by Boyle with the assistance of Hooke, and 
contains a description of the air pump which, in the form it 
ultimately took, is preserved in the rooms of the Eoyal Society 
at Burliagton House. By the aid of this engine Boyle showed 
that air has in it a spring or elastic power whereby when a portion 
of confined air has been removed by the suction of the piston in 
his pump the remamder expands so as still to pervade the en¬ 
closed space, and a further portion of this thinner air may be 
removed through the valve by further action of the piston of the 
pump. He also demonstrated the fall of the mercury in a 
barometer enclosed in the receiver of Lis pump, and endeavouring 
to trace the relation between the height of the mercury and the 
number of strokes of the piston, he came near to the problem 
which he ultimately solved and which is associated with his 
name. He also proved by means of Lis pump the connection 
between pressure and the boiling of water. 

The philosophers of the eighteenth century were occupied 
with many metaphysical questions, and among other strange 
doctrines the maxim that “ nature abhors a vacuum gained 
very considerable currency on the authority of the famous 
French philosopher Descartes (1596-1650). It is therefore easy 
to conceive the astonishment with which Boyle’s experiments 
with his air-pump were witnessed by the numerous visitors, 
members of the Invisible College and others, who were admitted 
to the demonstrations. Fortunately the objectors to the theory 
of the spring of the air were sufficiently persistent to compel 
Boyle to a formal Defence of the Doctrine touching the Spring 
and Weight of the Air published in 1662. This included an 
account of the famous Tvjo new Experunents touching the 
Measure of the Force of the Spring of Air compressed and 
dilatedf" whereby not only were the objections of Franciscus 
Linus reruted, but the Law of Boyle,” since known to every 
student of^ physical science, was established. It will therefore 
be mteresting to the reader to have before Lim an essential part 
of the passage in which the well-known siphon tube is clearly 
described. (Boyle’s Works, vol. i., chap, v., p. 100.) 

We then took,” he says, “a long glass tube which by a 
dexterous hand and the help of a lamp was in such a manner 
crooked at the bottom that the part turned up was almost 
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parallel to the rest of the tube and the orifice of this shorter leg 
of the siphon (if I may so call the whole instrument) being 
hermetically sealed the length of it was divided into inches (each 
of which was subdivided into eight parts) by a streight list of 
paper, which containing those divisions was carefully pasted all 
along it. Then puttiag in as much quicksilver as served to fill 
the arch or bended part of the siphon, that the mercury standing 
in a level might reach in the one leg to the bottom of the divided 
paper, and just to the same height or horizontal line in the other, 
we took care by frequently inclining the tube so that the air 
might freely pass from one leg into the other by the sides of the 
mercury (we took, I say, care) that the air at last included inthe 
shorter cylinder should be of the same laxity with the rest of the 
air about it. Tins done we began to pour quicksilver into the 
longer leg of the siphon, which by its weight pressing up that in 
the shorter leg, did by degrees streighten the included air ; and 
continuing this pouring in of quicksilver till the air in the shorter 
leg was by condensation reduced to take up but half the space it 
possessed (I say possessed, not filled) before; we cast our eyes 
upon the longer leg of the glass, on which was likewise pasted a 
list of paper carefully divided into inches and parts, and we 
observed, not without delight and satisfaction, that the quick¬ 
silver in that longer part of the tube was 29 inches higher than 
the other. . . . The air in that degree of density and correspon- 
"lient measure of resistance to which the weight of the incumbent 
atmosphere had brought it was able to counterbalance and resist 
the pressure of a mercurial cylinder of about 29 inches as we are 
taught by the Torricellian experiment: so here the same air 
being brought to a degree of density about twice as great as that 
it had before obtains a spring twice as strong as formerly, as 
may appear by its being able to sustain or resist a cylinder of 29 
inches in the longer tube together with the weight of the atmo¬ 
spherical cylinder that leaned upon those 29 inches of mercury; 
and as we just now inferred from the Torricellian experiment 
was equivalent to them.” 

In order to measure the spring of rarefied ak Boyle then 
proceeded in the manner familiar to the readers of text books of 
physics. A narrow tube containing a small portion of air was 
dipped into the open end of a somewhat wider tube full of quick¬ 
silver, and the volume of the included air being measured when 
the metal within was at the same level as the quicksilver in the 
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wider tube, the narrow tube was lifted till the coluim of air was 
expanded to a determinate length. The height of the column of 
qichsilver in the inner tube was then measured and m this way 
4e relation of pressure to volume could be recorded. Two tables 
of measures were thus constructed, namely, one contammg the 
results with condensed air, the other those obtained with rarefied 
air and a comparison instituted between the observed pressures 
and those calculated according to the hpothesis that the pressure 
and volume are in reciprocal proportion. The agreement was 
found to be within the limits of experimental error and thus the 


law was established. _ ,, ,, i 

Bovle’s name is immortalised by his discovery of the law 
connecting volume and pressure in gases, but though his services 
to chemistry are equally important it is not so easy to state in 
a few words the exact nature of his claim to be ended The Father 
of Chemistry.” His work lay in examining the pretensions of 
the chemists of his time and exposing the mixture of error and 
imposture contained in the greater part of their writings. His 
views are set forth ina book under the title TU Sceptical Chymist: 
or Chymico-physical Doubts and Paradoxes touching the Ex¬ 
periments whereby vulgar spagirists are wont to Endeavour to 
Evince their Salt, Sulphur and Mercury to he the True Principles 
of Things. In this book, the contents of which are in the form 
of a dialogue, Boyle showed not only that the peripatetic doctrine 
of the four elements was untenable but that the pretensions of 
the alchemists in regard to their three principles were founded 
on bad observation and experiments from which nothing could 
be rightly concluded. For, as he pointed out, the substances 
separable feom bodies by the action of fire do not only vary in 
number, but the names, such as sulphur, given to these sub¬ 
stances, do not correspond with their properties. 

Nor did he hesitate to point to the ignorance of the “ chy- 
mists ” of his time and to complain of “ their obscure, ambiguous 
and abnost .Slnigmatical Way of expressing what they pretend 
to Teach that they have no Mmd to be understood at all, but by 
the Sons of Art (as they call them) nor to be understood even by 
these without Difficulty, and Hazardous TryaHs.” Boyle also 
seems to have had a notion similar to that of modem times as 
to chemical union taking place between the minute parts or 
atoms of substances so that from their “ coalition may emerge a 
new body, as really one as either of the corpuscles was before they 
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Were mingled or, if you please, confounded.’' He also stowed 
that analysis of compounds cannot be effected solely by tte 
action of fire, but tiat otter agents may be necessary and ttat 
in any case the substances resulting are usually not elements in 
tie proper sense of the word, wtict stould be applied only to 
the products of ultimate analysis. From Boyle’s time, therefore, 
the idea of an element or principle follows from the failure of 
all attempts to stow that a given substance consists of more 
than one ingredient. Tie old chemists were therefore justified 
in placing in the list of chemical elements such substances as 
lime, magnesia and caustic potash which were not shown to be 
compounds till more than a century after Boyle’s time. 

At the time of the publication (1661) of his Sceptical Chymist, 
Boyle was only tHrty-five years of age, and the jmars had not 
been occupied solely with experimental philosophy. He was a 
frequent and voluminous writer and he occupied himself not 
only with such work as Some Considerations toucJimg the 
Usefulness of Expermiental Natural Philosophy, but with various 
essays on religious subjects, and on many of the very diverse 
questions which attracted the attention of the Invisibles.” 
A sufficient account of some of these is contained in Bishop 
Sprat’s History of the Royal Society. 

Once the idea of enquiring into natural objects and phe¬ 
nomena had taken hold of the minds of the philosophers they 
found themselves bewildered by the illimitable wealth of material, 
and some of their enquiries were quaint enough. Boyle was the 
most famous, though naturally one of th^, most modest, men of 
the day, and the experiments made and contemplated with his 
air-pump at Gresham College served not only to excite astonish¬ 
ment, but to direct the thoughts of the men of science to the 
nature, qualities and phenomena of the air. It is probable 
that the notion of the materiality of air was established so slowly 
as to be strange and unfamiliar to many people long after Boyle’s 
time ; in fact, until nearly a century later, when "" pneumatic 
chemistry ” began to be commonly practised. 

Eds treatise on Seraphidk Love occupied not only a long time 
in composition but lay aside for many years before itwas ready 
for publication. Evelyn had read the MS. treatise with delight 
in 1659, but it was not in print till the following yeax. However 
tedious the present-day reader might find it, there seems to have 
been a romance attaching to tim production, for wMIe still a 
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child his fathei the Eail had set his heart on making a match 
for Rohyn with the Lady Ann Howard, daughter of his friend 
Lord Howard, of Escrick, and had presented to the young lady a 
ring as a token and another before he died in 1642, One of these 
two rings may have been returned to Robyn before her marriage 
with her cousin Charles Howard, afterwards Earl of Carlisle, in 
1645. At any rate a ring which was disposed of in Robert 
Boyle's will long years afterwards was possibly identical with one 
of them. The terms of the bequest are as follows : 

“I give and bequeath unto my dear Sister, the Lady 
Eatherine, Viscountess Ranelagh, a small ring usually worn by 
me on my left hand having in it two small diamonds with an 
emerald in the middle, which ring being held by me, ever since 
^7 youth in great esteem, and worn for many years for a par¬ 
ticular reason, not unknown to my said sister, the Lady Rane¬ 
lagh, I do earnestly beseech her, my said sister, to wear it in 
remembrance of a brother that truly honoured and most dearly 
loved her.” 

It appears to be impossible, from the evidence in existence in 
Boyle's own correspondence or in that of his friends, to determine 
with certainty to whom this ring originally belonged and the 
reason for its being treasured and worn by the philosopher during 
so large a part of his life. That Lady Ann Howard was repeatedly 
spoken of by the old Earl, his father, as “ My Eob 3 m’s yonge 
Mrs. IS certain, and that for a time she must have been so 
regarded by the family is also pretty certain. Lady Ranelagh 
wnting to her brother in, probably, the early part of 1646, 
refers to the matter in terms which seem clearly to indicate what 
had been tne view of the family. She says, “ You are now very 
near the hour wherein your mistress is, by giving herself to 
anobher, to set you at hberty from all the appearances you have 
put on of beiug a lover; which though they cost you some pains 
and use of art, were easier because they were but appearances.” 

PosSibly the explanation is that Robyn had assumed the 
appearances of the lover in deference to the known wishes of his 
iatx.er. And the pages of SerajpJdch Love may have been the 
receptacle not so much of disappointment as of those serious 
mws of the obligations of the married state which were so 
cliamctenstic of him and which he set forth at such length. 

There is, however, the statement of his old feiend, John 
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Evelyn, wlio, writing about Robert Boyle long years aiterwards. 
said : “ Tbo’ amongst all Ms experiments he never made that of 
the maried life, yet I have been told he courted a beautifull and 
ingenious daughter of Carew, Earl of Monmouth, to which is 
owing the birth of Ms SerajpJiick Love.^^ Robyn did in the summer 
of 1648 pay a short visit to the Monmouth family at Moor Park 
by Rickmanswoith, in HertfordsMre. And on the invitation of 
the Countess he had carried with him a manuscript—^it may 
have been an instalment of Seraphick Love —^wMch was completed 
soon after tMs time. It is uncertain wMch of the Countess’s 
daughters was entitled to be called “ beautiful and ingenious, ” 
but nothing came of the visit and there was no mention of a 
ring. 

in 1662 Boyle received through the influence of friends a 
further grant of Irish land, wMch he accepted rather reluctantly, 
devoting the revenues partly to the relief of the poor and the 
maintenance of the Protestant religion in Ireland, and partly to 
the Propagation of the Gospel in ISTew England. In 1665 the 
increase of the plague in London led to the suspension of the 
meetings of the Royal Society at Gresham House. Boyle re- 
mained at Oxford the greater part of the time, till early in the 
following year, when the meetings of the Society were resumed. 
Boyle escaped the plague, but he was frequently ill of Ms chronic 
disorder, and it is uncertain whether he witnessed the outbreak 
of the Great Fire wMch began on September 3rd. His sister. 
Lady Ranelagh, assisted in the distribution of Ms charity among 
the poor houseless Londoners, wMle her brother got back to 
Oxford and calmly pursued Ms studies. 

During 1667-8 the Boyle family were in great anxiety owing 
to the political changes then going on, wMch involved Boyle’s 
brother. Lord Orrery, for a time, and in 1669 Boyle left Oxford 
and took up Ms residence permanently with Ms sister. Lady 
Ranelagh, then a widow, at her house in Pall Mall. Hence¬ 
forward he led the life of an invalid, and though he had estab¬ 
lished a laboratory at the back of the house the work was fre¬ 
quently interrupted by attacks of illness wMch laid him for the 
time prostrate. TMs did not prevent the publication of many 
papers and memohs in the Philosophical Transactions of the 
RoycbL Society and elsewhere, and as the acknowledged head of 
the scientific community in England Boyle was elected President 
of the Royal Society on ISToyember 30, 1680. His health, and 




^tonp II 
THE PHLOGISTIANS 

Black ( 1728 - 1799 ) Cavexdish ( 1731 - 1810 ) 
Priestley ( 1733 - 1804 ) Scheele ( 1742 - 1786 ) 


CHAPTEE II 


BLACK 


The creation of the Eoyal Society and its establishment in a 
position of influence was accomplished during Boyle’s lifetime 
and largely by his assistance. That it was the great national 
event of the reign of Charles II. is proved by the subsequent 
history of the society during upwards of two hundred and fifty 
years. Arising out of the slow fermentation proceeding in the 
min^ of men of this period similar movements were taking place 
m otlier countries, and the result was the establishment in 
several of the countries of Europe of Academies having for 
their object the cultivation of scientific enquiry. But, as alreadv 
observed, the study of nature presented a field at once so various 
and extensive, so filled with obscure and perplexing problems as to 
jueid at nrst httle more than confusion. In regard to chemistry 
ohework pubhshed dming and after Boyle’s timefor many decades 
ed to lew resmts of importance. The phenomena of fire had 
natorally attracted attention from the earliest times, but even 
m Boyle s day ideas as to the cause of combustion were generally 
erroneous, owmg chiefly to the fact that the part played by Ji 

^ea the observations of a contemporary of Bovle John 
Mayow, fellow of All Souls, Orford. He s^ms to have dlLovered 

^enmentaUythat am contams aspiniMS mVro-oereMs identical 

which combines with metals when 
important part in respiration, ffis 
observations, however, were cut short by his early death anrl"^. 

not^emtolmveattra.ctedtheattention4ey desemd Pm^ess 

aTnS^ consequence of the fact that chemists had nTyet 
adopted quantitative methods in their work. For no prSS 
purposes except assaying of gold and sdyer was it custra^t 
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pay any attention to weight, and such observations as those of 
Jean Eey, who had shown that lead and tin when calcined 
increase in weight, were ignored. Unfortunately soon after 
Boyle’s time a theory came to be gradually adopted which 
occupied the field for the greater part of a century. The notion 
that all combustible substances and metals which were reduced 
to ashes by calcination contained a common constituent or fire 
material originated in the writings of a German chemist, Johann 
Joachim Beecher. On this idea was founded the celebrated 
theory of 'phlogiston taught by Georg Ernst Stahl, at one time 
physician to the Kiag of Prussia. The doctrine had apparently 
one merit in the recognition of the fact that the power of burning 
was communicable from one body to another. A combustible 
substance was supposed to consist of two constituents, a calx and 
phlogiston?- In the process of burning the phlogiston escaped, 
commonly giving the appearance of flame, and the calx remained 
behind. In substances like charcoal there was supposed to be 
a large quantity of phlogiston and little calx; on the other 
hand, such a metal as lead. contained much calx and little 
phlogiston. By heating together charcoal and lead calx the 
phlogiston was restored to the calx and metallic lead reappeared. 
In modem times an analogy has been traced between this 
phlogistic doctrine and the mutual transference or transforma- 
bility of potential and kinetic energy. There is, however, but 
little justification for attempting any such parallel. The 
adoption of the phlogistic idea was the result of blindness and 
ignorance, and its strange persistence can only be attributed to 
the systematic neglect of quantitative methods in the experi¬ 
mental study of chemical phenomena. 

To the same neglect of weight and measure may also be 
attributed, at least in part, the failure of chemists after the time 
of Boyle and Mayow to recognise the substantiality of the 
difierent kinds of air (gases). 

The first important step in the direction of reform was taken 
in the middle of the eighteenth century by Joseph Black, 
professor of Chemistry in the Universities of Glasgow and 
Edinburgh. 

Black left a short autobiographical memorandum which. 


^ Calx: Latin = ash. Phlogiston: Greek = anything set on fire. 
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together with a selection of his letters, has been recently pub¬ 
lished.^ 

The memorandum is as follows : “ I was born at Bordeaux, 
April 16th, 1728. My father was a merchant settled there, but 
born in Ireland and the son of a citizen of Belfast of Scotch 
extraction. My father’s residence at Bordeaux was in the 
suburb called the Chartron, and he had also a farm and country 
house and vineyard on the other side of the river on a hill called 
Lormont which commands a fine prospect of the river and city. 
At this villa, and at his house in town, he had sometimes the 
honour to receive a visit from the Baron de Montesquiexi, who 
had the goodness to favour my father with his friendship and 
protection. My mother was of the family of Gordon, of Hal- 
head in Aberdeenshire, a branch of which family had also settled 
in Bordeaux in the mercantile line. I received the first be¬ 
ginning of education from my mother, who taught all her children 
to read English. At twelve years of age I was sent to Belfast to 
live with some of my father’s relations, and to acquire the 
rudiments of Latin and Greek. After four years spent there at 
a private school I was sent to the mriversity of Glasgow, where I 
attended ail the lectures on the languages and philosophy in a 
regular succession. Being then required by my father to choose 
a profession or employment I chose that of Medicine, the ele¬ 
ments of which I began immediately to study by attending the 
lectures of the professor of Anatomy and of Dr. Cullen, wh(r was 
at that tme Professor of JJedicine at Glasgow. Dr. Cullen began 
also at tJns time to give lectures on Chemistry, tvhich had ne*ver 
before, been taught in the University of Glasgow, and finding that 
I might be useful to him in that undertaking he employed me as 
his assistant in the laboratory, and treated me with the same 
confidence and friendship and direction in my studies, as if I had 
been one of his own children. In this sikWion I lived three 
years. 

•• In the early part of my chymical studies, the author whose 
woi.^ ma,de the most agreeable impression on -my mind was 
onariigraaf of Berlin; he contrived and executed Ms experiments 
iHtli^so muca chymical skill that they were uncommonly in¬ 
structive and satisfactory; and he described them with so much 
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modesty arLdsimplicity, avoiding entirely tie parade of erudition 
and seK-importance. witi wliicli many otter autiors encumber 
tieir works, tiat I was quite ctarmed with. Markgraaf and said 
to Dr. Cullen that I would rather be the author of Markgraaf’s 
Essays than of all the chymical works in the library. The 
celebrated Reaumur's method of writing appeared to me also 
uncommonly pleasing. After three years spent with Dr. Cullen 
I came to Edinburgh to finish my education in medicine. Here 
I attended the lectures of Dr. Mimro, senr., and the other medical 
Professors, until the summer of the year 1754, when I received 
the degree of Doctor of Medicine, and printed my inaugural 
Dissertation De Himore Acido a Clhis Orto et Magnesia Alha:^ 


Before proceeding further it is well to remember that at this 
time and for long afterwards Chemistry, as a subject of study in 
the universities, was regarded merely as subordinate to medicine, 
and served to supply materials which were used as remedies in 
the treatment of disease. Markgraaf (Andreas Sigismund 
Marggraaf, 1709-1782), mentioned by Black, had been, during all 
the earlier years of his life, trained and occupied as an apothecary, 
and this may have given a colour to his chemical work which 
perhaps had some influence in attracting Black while a student 
of medicine. Marggraaf was, however, under the influence of the 
phlogistic doctrine to the end of his life, and though a skilful 
experimenter who contributed several interesting facts to the 
history of phosphoric acid, of alum, of sugar and some other 
compounds, his work had practically no influence on the progress 
of the science. 

Joseph Black was one of a large family, eight sons and five 
daughters who all grew up to be men and women and settled in 
different places.” He seems to have been endowed not only whh 
a studious disposition but amiable and courteous manners which 
endeared him throughout life to many friends. 

In 1751 he went to Edinburgh, where he finished his medical 
studies, and in 1754 he passed the examinations and secured the 
degree of Doctor of Medicine, having presented the thesis already 
mentioned in his autobiographical sketch. 

On the retirement of Dr. Cullen in 1756 Black was appointed 
professor of anatomy and lecturer on chemistry in the University 
of Glasgow, though at that time no more than twenty-eight 
years of age^ 
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Black seems to have been a man of quiet character, little 
animated by ambition, and though interested in scientific ex¬ 
periment his enthusiasm seems to have been easily exhausted or 
not active enough to carry him rapidly forward in any field of 
enquiry. At any rate, it seems remarkable that Black’s dis¬ 
coveries in the years 1754 to 1756, so important as they now ap¬ 
pear, should have remained so long without complete and formal 
publication to the world. The little volume containing an ac¬ 
count of his work is dated 1777 under the title “ Experiments 
upon Magnesia Alba, Quick lAme and other Ahaline Substances, 
by Joseph Black, M.I). Professor of Chymistry in the University 
of Edinburgh.” He never adopted the practice of communicating 
his results to the Eoyal Society or to one of the scientific aca¬ 
demies, and only four treatises appear from first to last under his 


name. The question which Black set out to investigate was the 
cause of the difierence between the mild and the caustic alkalis, 
represented, for example, by chalk or by salt of tartar (potassium’ 
carbonate) on the one hand and by lime or by caustic potash on 
the other. Previously it had been supposed that quick-lime derived 
its caustic or bumiug character from the fire in which the original 
limestone had been burned, and that it was capable of passing 
on tMs quality to a solution of mild alkali converting it into 
caustic alkali; that is, to a form in which alone it possessed the 
power of converting fat into soap. 

The simple experiments of Black disposed of this assumption 
and_ provided the true explanation of the change by merely 
tracing the alterations of weight involved and recognising the 
part played by a constituent of the atmosphere to which Black 
gave the name “fixed air.” Having heated a quantity of 
common magnesia to redness and obtained only a small quantity 
of faintly ammoniacal water, he remarks (p. 29) “ even from this 
imperfect experiment it is evident that "of the volatile parts 
contained in that powder a small proportion only is water ; the 
^t cannot, it seems, be retained in vessels under a visible form 
Chei^te have often observed, in their distillations, that part of 
a body has vanished from their senses, notwithstanding the ut¬ 
most care to retain it; and they have always found, upon further 
enqmr^ that subtile part to be air, which, having been imprisoned 
m the body, under a solid form was set free and rendered fluid 
and el^tic by the &e. We may therefore safely conclude that 
the volatile marfer lost in the calcination of magnesia is mostly 
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air, and hence the calcined magnesia does not emit air or make an 
efEervescence when mixed with acids/'' 

Then he shows that the air driven out by calcination of 
magnesia can be restored to it by an alkali. '' Two drams of 
magnesia were calcined in a crucible, in the manner described 
above, and thus reduced to two scruples and twelve grains. 
This calcined magnesia was dissolved in a sufficient quantity of 
spirit of vitriol, and then again separated from the acid by the 
addition of an alkali, of which a large quantity is necessary for 
this purpose. The magnesia, being very well washed and dried, 
weighed one dram and fifty grains. It effervesced violently, or 
emitted a large quantity of air, when thrown into acids ; formed 
a red powder when mixed with a solution of sublimate : separ¬ 
ated the calcarious earths from an acid and sweetened lime water : 
and had thus recovered all those properties which it had but 
just now lost by calcination. Nor had it only recovered its 
original propeities, but acquired besides an addition of weight 
nearly equal to what had been lost in the fire ; and as it is found 
to effervesce with acids, part of the addition must certainly be 
air. This air seems to have been furnished by the alkali from 
which it was separated by the acid, for Dr. Hales has clearly 
proved that alkaline salts contain a large quantity of fixed air, 
which they emit in great abundance when joined to a pure acid. 
In the present case the alkali is really joined to an acid, but 
without any visible emission of air; and yet the air is not re¬ 
tained in it; Por the neutral salt, into which it is converted, is 
the same in quantity and in every other respect, as if the acid 
employed had not been previously saturated with magnesia^ but 
offered to the alkali in its pure state, and had driven the air out of 
it in their conflict. It seems therefore evident, that the air was 
forced from the alkali by the acid and lodged itself in the magnesia. 

So that Black’s explanation of the interaction between the 
magnesium salt and the alkali was almost exactly that which 
woffid have been given in more modem times. Some readers 
may be disposed to wonder that so much importance is attached 
to these simple observations, but it must be remembered that 
there existed in Black’s day very little exact knowledge con¬ 
cerning chemical phenomena generally. Thus it can hardly be 
said that any substance was known in a state of purity, that is, 
unmixed with more or less of other matters, inasmuch as there 
was no criterion of purity. Potash and soda were confused 
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toc^6t']iGr undGi t-iiG comnion iia.ni8 of cilJcdli a/iid it li3.d oiii^y 1)6 gii 
qmte recently noticed tiat the alkali from wood ashes presented 
some characters in whicn it differed from the alimli derivaole 
from common salt. It was not imown that they were compound 
substances and they were indeed ranked as elementary in accord¬ 
ance with Boyle’s teaching. Black succeeded in showing that the 
mild form of alkali was a compound being made up of caustic 
alkali and fixed air. It is unnecessary to pursue this subject 
further, but it must not be forgotten that to Black science owes 
another very important step in advance. 

In Black’s day, and long afterwards, heat wns supposed to be 
a kind of matter,“and even after the discoveries by Count Rum- 
ford and Sir Humphry Davy in the early part of the following 
centurv it was asserted in a well-lmown text book (Henry’s 
Clemkirij, 11th edit., 1829) that ^'the opinion which best 
explains the phenomena is that which ascribes them to an 
extremely subtile fluid, of so refined a nature, as to possess no 
sensible weight and to be capable of insinuating itself betw^een 
the particles of the most dense and solid bodies. To this fluid as 
well as to the sensation which it excites the term heat w^as for¬ 
merly applied. . . . The term caZonc, first proposed by La voisier, 
is now faequently adopted to denote the cause of heat.” Black 
seems to have held the opinion that heat entered into a kind of 
chemical combination with ordinary matter, as showm in his 
discussion of experiments in which he came near to the recogni¬ 
tion of what in more modern language would be called )Specific 
Heat. Mercury at 150® having been mixed wdth an equal 
measure of w^ater at 100°, the resulting temperature wns found 
to be not 125° but 120°. The quicksilver therefore is become 
less warm by 30 degrees, while the w^ater has become warmer by 
20 degrees only; and yet the quantity of heat which the water 
has gained is the very same quantity which the quicksilver has 
lost. This shows that the same quantity of the matter of heat 
has more effect in heating quicksilver than in heating an equal 
measure of water, and therefore that a smaller quantity of it is 
suflScient for increasing the sensible heat of quicksilver by the 
same number of degrees.” He infers that each substance attracts 
a quantity of heat peculiar to itself, and suggests that perhaps 
not any tw-o of them would receive precisely the same quantity, 
but each, according to its particular capacity, or its particular 
force of attraction for this matter,” 
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Wliatever nis views as to tie nature of lieat. he sucGeeded 
in establishing the doctrine of latent heat of fusion and of vaporis¬ 
ation, and he even estimated approximately the amount of 
latent heat of water and of steam. This work was completed 
while he remained in the University of Glasgow, but in 1766 
Cullen resigned the chair of Chemistry at Edinburgh and Black 
was appointed to succeed him. 

Black appears to have been a careful and conscientious 
teacher, but the feeble condition of health from which he had 
long suffered increased with age, and is doubtless sufficient to 
account for the fact that he declined general practice as a 
physician in Edinburgh and showed but little activity in 
pursuing chemical investigation and even in publishing an 
account of discoveries already made. It is uncertain, for 
example, how much he knew of the properties of the fixed cuir 
with which he had so much to do in his investigation of the 
alkalis and alkaline earths. 

His last course of lectures was delivered in the winter of 
1796-7, and on November 10th, 1799, in his seventy-first year, he 
expired quietly in his chair. 

England in the middle of the eighteenth century was very 
different from the country of Eobert Boyle, and though less 
violently disturbed was little more favourably disposed toward 
learning and the pursuits of science. The Hanoverian succession 
had secured internal peace, but the state of political parties, 
the condition of education, of morals and of business can be 
imagined from the subjects of Hogarth’s famous series of 
pictures, and from the recollection of a few facts which seem 
signifi-cant. 

Medicine, the practice of which occupied the attention of 
Black himself, was based on no secure principles, for even human 
anatomy was very imperfectly known and there was practically 
no science of physiology, while the substances employed as 
remedies were generally useless and often disgusting and danger¬ 
ous. It was a fair inffication of the general state of ignorance 
prevailing at this period that the virtues of tar-water should have 
been the subject of more than one disquisition by no less a person 
than the famous metaphysician George Berkeley, Bishop of 
Cloyne. As for popular credulity, the belief in witches and 
astrology was practically universal, while touching for ‘'the 
king’s evil ” had been practised down to the time of Queen Anne 
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and was only abandoned because it was supposed tiiat the virtue 
belonged exclusively to tie Stuarts and did not extend to tie 
House of Hanover. 

Tie Universities of Oxford and Cambridge were favourable, 
according to many writers of tie time, as much to tie diffusion 
of ignorance, idleness, vice and infidelity ’’ ^ as of sound learning 
and Ciristian principles, and many stories are extant concerning 
tie habits of tie undergraduates and tie often farcical pro¬ 
ceedings which led to a bachelor’s degree. In tie Scottish 
universities discipline appears to have been much more strict, 
and in Black’s time tie University of Glasgow seems to have been 
frequently occupied with controversies concerning tie relative 
powers of tie Senate and tie faculties. Tie medical school was 
fairly active, a considerable body of students gathered round 
Black, and in 1763 a new chemical laboratory was provided.^ 

Eobertson, or Eobison, as he chose to call himself, Black’s 
successor in Glasgow and his only biographer, has mentioned tie 
names of his chief friends and associates in Edinburgh. Among 
these James Hutton tie geologist must be mentioned first, as he 
is represented as tie only person near him to whom Dr. Black 
imparted every speculation in chemical science and who knew all 
his literary labours; seldom were the two friends asunder for 
two days together.” Hutton was senior to Black by only two 
years, and was a valuable and sympathetic critic of Black’s ideas, 
but there were other friends whose society would be appreciated 
by a man with a taste for scientific pursuits. Adam Smith (1723- 
1790), author of the Wealth of Nations, David Hume (1711-1776), 
the philosopher and historian, Adam Ferguson (1723-1816), 
Professor of Philosophy at Edinburgh, John Home (1722-1808), 
dramatic writer, and Dr. John Koebuck (1718-1794), who had 
stumed chemistry and medicine at Edinburgh and is memorable 
as having introduced the lead-chamber in connection with 
manufacture of sulphuric acid, were members of the philosophic 
and scientific circle centring in the university of which Black 
was a professor. Among the pupils attending his lectures was 
Benjamin Push, a native of Philadelphia, who on returning to his 
own country became, in the University of Pennsylvania, the first 
Professor of Chemistry in America. 


^ Knox’s Essays, voL ii., sec. 29. 

2 History qf the University of Glasgow (James Coutts. 1909). 
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By tlie middle of tlie eighteentli century alcliemistic ideas and 
the practices of the adepts had become discredited, and chemistry 
as a department of natural knowledge came to be honestly 
pursued with the object of penetrating some of the secrets of 
nature, and it happened, fortunately for the progress of science, 
that four contemporaries of Black, each possessing special gifts, 
were tempted into this field of work. Of these four two were 
Englishmen, namely Joseph Priestley and Henry Ca vendish, wMle 
Scheele was a Swede and Lavoisier a native of France. All four 
made discoveries of facts which greatly assisted progress, but it 
is remarkable that one only possessed the clear vision which 
enabled him to see through the confusion and obscurity so long 
spread over all ideas in chemistry by the doctrine of phlogiston* 
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Joseph Priestley was born in 1733 at Fieldhead, a small hamlet 
about six miles from L-eeds. His parents were humble folk, 
the father, Jonas Priestley, being a cloth-dresser by trade, and 
when only seven years old he had the misfortune to lose his 
mother. He was, however, taken charge of by an aunt, and 
though his early education was somewhat desultory, he seems 
to have been encouraged in the development of that aptitude for 
study, and especially for languages, which was one of his charac¬ 
teristics. He was sent to a grammar school, and at sixteen 
years of age ^d made considerable progress in Latin, Greek and 
Hebrew. His aunt, a strong Calvinist, desired him to become a 
minister of rehgion, and after ^some interruptions owing to the 
state of his health, this course was ultimately adopted and in 
1752 he was sent to the theological academy at Daventry, where 
he remained three years. When he left the academy Ms first 
charge was as assistant to the Presbyterian minister at Needham 
Market, Here his income never exceeded £30 a year, but the 
congregation disapproved his theological opinions, which had 
b^ome^ extraordinarily liberal, and consequently even this 
failed him. After trying with indifferent success to carry on a 
school, and appl;^g for various posts, he received an appointment 
as minister at Hantwich, in Cheshire, where he remained three 
ye^Ts, He then became tutor in languages at the recently 
msti^ted Warrington^ Academy, and here his talents and his 
teactog were reco^ised as having ‘'added greatly to the 
celebrity of the institution.” During his residence here he was 
m 1764 admtted to the honorary degree of LL.D. in the Univer¬ 
sity of Edmburgh, and in 1766 he was also elected F.E.S. At 
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Warrington in 1762 lie married Mary, the daughter of Isaac 
Wilkinson, an iron master at Wrexham, and in the same year he 
was ordained to the ministry. 

After six years in the Academy he accepted an invitation to 
take charge of MU Hill Chapel, Leeds. Notwithstandiag the 
check to his health in early youth, Priestley must have been 
endowed with extraordinary endurance and activity of mind and 
body, for the long hours given to teaching and study and the 
discharge of ministerial duties on Sunday did not prevent the 
production of writings on a great variety of subjects. In 1767, 
the year of his removal to Leeds, he brought out his History of 
Electricity, and in the following year his Treatise on Civil Govern¬ 
ment. But though his fertility in rehgicus writing, chiefly of 
controversial character, must always appear surprising, it is as 
an experimental chemist and especially as the discoverer of 
oxygen that Priestley will he remembered to the end of time. 
Already at Hantwich he had become possessed of a few philo¬ 
sophical instruments—such as an air-pump and electrical machine 
—^but he does not appear to have used them except for purposes 
of instruction. 

Priestley’s career as a scientific investigator began practically 
in Leeds, and . his place in the history of science rests entirely on 
his discoveries in connection with gases. These are set forth in 
the six volumes he published under the title Experi^neiits and 
Observations on Different Kinds of Air, of which the first volume is 
dated 1774. Here he relates in his usual candid style how he was 
led in this direction and describes the form of apparatus he 
employed in his experiments. He says : 

It was in consequence of living for some time in the neigh¬ 
bourhood of a public brewery that I was induced to make experi¬ 
ments on fixed air, of which there is a large body, ready formed, 
upon the surface of the fermenting liquor.” 

The gas which is evolved from the lime-kiln and in the process 
of fermentation had been observed even so far back as the 
sixteenth century by Paracelsus, and later by Van Helmont, but 
its power of entering into union with alkalis was first definitely 
established, as already related, by Dr. Black. Other kinds of 
air* were also known before Priestley began Ms experiments. 
These included the iBre-damp of mines as well as the mflammable 
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air obtained by tie solution of metals in acids. Previous to 
Priestley’s time various kinds of air were usually collected in 
bladders, but Priestley introduced the simple method of displacing 
by the gas a liquid—^water or, in some cases, mercury—^with which 
the bottle or other receiving vessel was previously filled. In 
this way he was able to collect and study many gases, including 
several previously unknown. Priestley, however, continued to 
speak of them as different kinds of air, and be appears to have 
clung to the idea that the different properties exliibited were due 
to the greater or less amount oifklogisto^i associated with the gas. 

The apparatus used for collecting and operating on gases is 
thus described in the Introduction to voL i. of his Ohservatiom: 

“ For experiments in which air will bear to be confined by 
water I first used an oblong trough made of earthenware, as a 
(%. 1), about eight inches deep, at one end of which I put thin 
flat stones, about an inch, or half an inch, under the water, 
using more or fewer of them according to the quantity of water 
in the trough. But I have since found it more convenient to use 
a larger wooden trough, of the same general shape, eleven inches 
deep, two feet long, and one and a half wide, with a shelf about an 
inch lower than the top, instead of the flat stones above men¬ 
tioned. . . . The several kinds of air I usually keep in cylindrical 
jars as cc (fig. 1), about ten inches long and two and a half wide, 
being such as I have generally used for electrical batteries, but I 
have likewise vessels of very different forms and sizes adapted to 
particular experiments,” 

The study of fixed air was undertaken by Priestley before 
1772, and one outcome of his experiments, coupled with the 
knowledge thati this gas could be absorbed in large quantity by 
water and that its presence in several natural waters such as those 
of Spa and Pyrmont gave them their pleasant qualities, was the 
invention of soda water.” This procured for him the award of 
the Copley Medal by the Eoyal Society, and much consequent 
notoriety. But his next discovery of nitrous air (nitric oxide) 
was a matter of much greater scientific importance, as it became 
in the hands of Priestley himself, and later of Henry Cavendish, 
a valuable reagent in Eudiometry for estimating the goodness 
of air or, as he expressed it, the extent to which it was dephlo- 








PRIESTLEY 


35 


Priestley remained at Leeds six years. His reputation as a 
philosoplier brouglit Mm an invitation from tire Earl of Shelburne 
(afterwards fcst Marquis of Lansdowne) to reside with Mm as 
companion and nominally librarian at Bowood, near Caines in 
WUtshire. 

The stipend of one hundred guineas with a house was little 
enough for the support of the family, now consisting of two 
sons beside Mmself and wife, so that he was naturally tempted by 
the offer of two hundred and fifty with a house and a retiring 
allowance for life, beside the advantage of abundant leisure for 
the pursuit of Ms researches. 

Sir William Petty, second Earl of Shelburne, and first Marquis 
of Lansdowne (1737-1805) was a nobleman of principles too 
liberal for the times in wMch he lived. His policy of conciliation 
toward the American colonies led to Ms resignation from the 
position of one of the Secretaries of State, and from 1768 he lived 
in retirement. It was during tMs period that he was joined by 
Priestley, and for some eight years the arrangement seemed to 
afford satisfaction to both men. Priestley was then in the prime 
of life, and pursuing Ms experiments with great activity ^ he 
isolated in rapid succession after nitric oxide, nitrous oxide, 
ammonia, hydrocMoric acid gas, sulphur dioxide and silicon 
fluoride. The second volume of his Observations contains the 
account of Ms famous discovery of dsphlogisticated air, or, as it 
was afterwards called by Lavoisier, oxygen. TMs occurred on 
August 1, 1774.^ Though tMs discovery has been described in 
every elementary text book of chemistry for more than a century, 
it is worth noting that the method adopted for the isolation of the 
gas was of Priestley’s own invention. The usual mode of 
applying heat to glass vessels was by means of a candle flame, but 
Priestley adopted the plan of concentrating the sun’s rays by a 
large lens, in tMs case twelve inches in diameter. The statue in 
Birmingham represents the pMlosopher holding the lens between 
Ms finger and thumb, wMch is manifestly impossible. He had 
another of these glasses made sixteen inches in diameter wMch he 
took with him to America. The mercuric oxide to be heated was 
introduced into one of the short, wide, round-bottomed phials,” 
wMch he was in the habit of using, fflled with quicksilver and 
kept inverted in a basin of the same.” ___ 

^ The whole account of Priestley’s experiments has been reprinted by 
the Alembic Club, No. 7. 
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Soon after the discovery of depMogisticated air.'^ the 
properties of which surprised him very much, Priestley was taken 
by Lord Shelburne for a trip on the Continent, through Flanders, 
Holland and part of Germany, concluding with a month in 
Paris. Here he had opportunities of meeting the great chemist 
Lavoisier, and in referring to this \usit to the French capital 
he says : I frequently mentioned my surprise at the kind of 
air which I had got from this preparation ^ to Mr. Lavoisier, Mr. 
le Eoy and several other philosophers, who honoured me with 
their notice in that city, and who, I dare say, cannot fail to 
recollect the circumstance.” 

There seems to be little doubt that Priestley was the first to 
isolate oxygen gas, but so much discussion has arisen as to the 
claim which was at one time put forward to an independent 
discovery by Lavoisier that this point will be referred to again 
in connection with the life of the great French chemist. 

Priestley’s residence at Bowood came to an end in 1780. 
His religious and philosophical opinions, expressed in his numer¬ 
ous writings, especially his Institutes of Natural and Revealed 
Religion, created great offence among the orthodox, and it 
appeared necessary to bring to an end the close intimacy which 
he had enjoyed with Lord Shelburne. His patron, however, 
continued the annuity of £150 to the end of his life. Having been 
elected junior minister at the New Meeting, Birmingham, 
Priestley removed to that town, an event which he called the 
happiest of my life.” 

He had by this time published four of the six volumes of his 
Observations on different kinds of air, but notwithstanding the 
conditions favourable to scientific work which surrounded him 
in Birmingham, Priestley’s career as a discoverer in chemistry 
was practically at an end. He continued experimenting, and his 
letters to his friend Josiah Wedgwood testify to his activity. 
They also afford evidence of the sort of operation much used at 
this time by Priestley. The heating of earthen retorts in a 
furnace was probably the cause of much confusion in Priestley’s 
results, inasmuch as the retorts being porous a certain amount of 
psmmon air and gases from the fire invariably found its way 
into the product, no matter what substance was contained in the 
retort. But Priestley’s time was much occupied with other 


^ Merciirius caJdnatus (mercuric oxide) prepared by Cadet by heating 
xn^caiy for a long tiixie in contact with air. 
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matters. Sunday duty at tie New Meeting, classes and lectures, 
editing tie Theological Repository, and tie numerous tieological 
writings wiici incessantly issued from iis pen left iim but 
little leisure. On arriving in Birmingham ie naturally joined 
tie Lunar Society, an informal club or association of men inter¬ 
ested in scientific pursuits, similar in constitution and in prac¬ 
tice to tie club or ‘‘ Invisible college ” out of wMci rose, a century 
earlier, tie Eoyal Society. It was a small body consisting of no 
more than eight or ten members who met at tie house of each in 
turn once a month, on tie Monday nearest to tie full moon, 
'' in order,’’ says Priestley, “ to have tie benefit of its light in 
returning home.” Hence tie name. Lunar Society. It was 
founded by Matthew Boulton, tie partner of James Watt, tie 
engineer, Erasmus Darwin, author of tie Botame Garden, Dr. 
William Small, a physician, and a few of their friends, and it 
lasted nearly forty years. The members were accustomed to sit 
down to dinner at two o’clock, and each in turn discussed some 
subject in connection with literature, or preferably science, 
without reference to the religious or political principles of any of 
the members. Priestley thus found himself an honoured member 
of a circle which iacliided some of the most famous men of science 
of the time. 

The Lunar Society, according to Mr. H. Carriigton Bolton, 
numbered among its members, at one time or another, Thomas 
Day (1748-1789), a wealthy, eccentric philanthropist best known 
as the author of Sandford and Merton ; Dr. William Withering, 
F.R.S. (1741-1799), botanist and chemist, after whom the 
mineral witherite was named ; James Watt, F.R.S. (1736-1819), 
inventor of improvements in the steam engine : John Baskerville 
(1706-1775), inventor of superior type and a famous publisher, 
and several of the Galton family. Among visitors to the Society 
in Priestley’s time there were Josiah Wedgwood, the famous 
potter. Sir Joseph Banks, President of the Eoyal Society, Sir 
William Herschel, the most distinguished astronomer of the time, 
John Smeaton, the builder of Eddystone lighthouse, and others. 

It has been the custom among the friends and admirers of 
Priestley ^ to speak of him ‘^as a peculiarly gentle and inoffensive 
divine. In point of fact, one has but to glance along the titles 


^ These quotations are taken from The Bussells of Birmingham, by S. H. 
Jeyes (Geo. Alien & Co. 1911). This book contains an interesting account 
of the Birmingham riots. 
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of his hooks and pamphlets, or read a few pages of his argument 
in order to understand the exasperation of his adversaries. 
When he is not dealing them hard knocks in the old-fashioned 
style, he is tormenting them with a sort of Socratic ingenuity. 
The occasional quietness of his exposition was itself an affront 
as though he were a kindly pedagogue seeking to instruct a class 
of rather dull pupils, while the irony of which he made frequent 
use was equally efficacious and irritating.” There can be little 
doubt that these remarks represent a fair estimate of Priestley’s 
attitude in the religious controversies in which throughout his 
whole life he was involved. This is sufficient to explain his 
unpopularity with large sections of the community and the 
personal danger to which he became exposed when he associated 
himseh with friends who were so bold as to express openly a 
sympathy with the Revolution then developing in France. In 
1791 an outbreak of mob violence took possession of the town. 
It was provoked by the fact that in Birmingham, as in several 
other English towns, the celebration of July 14th, the date of the 
destruction of the Bastille, was arranged by the more advanced 
free-thinkers. The proposal to hold a dinner at a hotel in the 
town was carried out, notwithstanding warnings as to probable 
consequences, and though Priestley had not been present the 
mob attacked the premises and broke the windows as soon as 
the company had broken up. They then hurried to the New 
Meeting House, the place where Priestley preached, and then to 
the Old Meeting House, both of which they set on fire and 
completely destroyed. Priestley’s house was at Showell Green, 
a short distance out of Birmingham, and as the rioters had 
declared their mtention of going there, a friend, William Russell, 
inmcea the Priestley family to go to the house of another friend 
at Moseley, half a mile away. The mob soon reached Priestley’s 
house, which they set on fire and destroyed everything, including 
IS apparatus. According to the account preserved in the diary 
01 Miss Martha Russell i Priestley showed remarkable self- 
possession and resignation under this serious calamity. But his 
^fortune was not complete, for the mob reassembled with vows 
tnat they would find him and take his life. The family had 
t^erexore to seek refuge farther away, and drove to Dudley 
wnence after a short rest they removed to London. The 


^ See The Mitssells of Birmingham, p. 23, 
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proceedings of tie rioters were not stopped for many days, owing 
apparently to tie snpineness or timidity of tie magistrates. 
Several otier ioiises were bnmt, including tie mansion of William 
Russell, tie friend of Priestley. In tie sequel several of tie 
ringleaders were executed and partial compensation was paid 
to tie sufferers. Priestley’s claim for damages amounted to 
£3,628 8s. 9d., tiougi it is believed tiat iis actual loss was 
greater. Tie court- awarded iim £2,502 18s. 

Tie great body of tie clergy of tie Establisied Ciurci at 
tiis period were uniappily so affected by bigotry as to lose no 
opportunity of insulting and abusing Dissenters of all kinds, 
and tieir example served to encourage tie persecution wiici 
pursued tie unfortunate Dr. Priestley in iis retreat. Attempts 
to establisi iimself and build a new laboratory at Hackney were 
rendered abortive in consequence of renewed tireats of violence, 
and iis position even in relation to tie Royal Society became so 
intolerable tiat ie renoimced iis Fellowsiip. Ultimately 
Priestley decidedtoleaveiis nativecountry and settle in America. 
His friends, tie Eussells,determined on tie samecouise. Priestley 
sailed from London on April 8, 1794, and reacied New York 
on June 4. Tie Russells took ship at Falmouti on August 
13ti, but iaving been taken prisoner of war by a Frenci frigate* 
tiey did not arrive on American soil till tie following year. 

Priestley soon found many friends in America and was 
offered tie professorsiip of ciemistry in tie University of 
Piiladelpiia. Tiis, iowever, ie declined, as well as tie ciarge 
of a Unitarian congregation in New York, and ie ultimately 
decided to settle at Ncrtiumberland, a town in Pennsylvania, 
and tiere ie continued to write and made preparations for 
carrying on iis experimental work. His friendsiip was main¬ 
tained witi tie Lunarians of Birmiugiam, and especially witi 
Boulton and Watt, wio sent iim presents of apparatus; but 
wiatever ie may iave found out in connection witi iis experi¬ 
ments on air, or wiatever information ie may iave received 
concerning tie experiments of Cavendisi and tie work of 
Lavoisier, led to no modification of iis views in tieoretical 
ciemistry. His last essay, entitled The Doctrine of Phlogiston 
Established and that of the Co^nposition of Water Refuted was 
puiisied at Nortiumberland in 1803, In tiis work ie remarks 
on tie almost universal acceptance of tie new tieory of com¬ 
bustion. and it must ever seem remarkable tiat one so full of 
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liberal views in every other direction should have shown so 
tenacious a conservatism in the interpretation of his own observa¬ 
tions and results. Of this condition of mind Priestley seems to 
have been unconscious, for in the preface to the third volume of 
his Observations on Air he remarks : 

“ Upon this, as upon other occasions, I can only repeat, that 
it is not my opinions, on which I would be understood to lay any 
stress. Let the new facts, from which I deduce them, be con¬ 
sidered as my discoveries, and let other persons draw better 
inferences from them if they can.” 

His health began to fail in 1801, and on February 6th, 1804, 
he quietly breathed his last. He was buried in the local cemetery. 

Although contemporary with Black in Glasgow and Edin¬ 
burgh, and with Henry Cavendish, who resided the greater part 
of Ms life at Clapham, Priestley does not seem to have held 
communication with either of these philosophers whose scientific 
pursuits so nearly resembled Ms own. He was probably ac¬ 
quainted with Cavendish, as he attended many meetings of the 
Eoyal Society, and on one occasion, December 10th, 1773, he 
dined with the Eoyal Society Club. He was certainly acquainted 
with Cavendish’s work on air and on the composition of water, 
as he refers to his results only to express dissent from them. 

Though through stress of misfort-une Priestley wus driven to 
seek refuge in another land, he never ceased to remember that he 
was born an Englishman, and his sympathies remained with the 
country of Ms birth. He was therefore never naturalised as an 
American citizen, nor did he take part directly or indirectly in 
any election. The fearless avowal of his principles, however, 
brought Mm many enemies even among the American public. 
On the other hand, the afiection and admiration of Ms friends 
was constantly manifested by financial assistance and in other 
ways down to the end of Ms life. In 1802 a subscription was 
raised by his friends in England to enable him to print Ms 
Clmr^i History and his Notes on all tlie Boohs of Scripture. He 
was, in fact, one of the most prolific writers on record, and at the 
end of the Memoirs, written partly himself and partly by his 
son, Joseph Priestley, after his death, a catalogue is given of the 
books written by Mm, which contains no fewer than one hun¬ 
dred and eight titles. 
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CAVENDISH 

While tlie tragic events arising out of tie Revolution were 
proceeding in ij^ance, the rest of Europe was naturally thrown 
into a state of ferment. France, having abolished the monarchy 
and proclaimed a republic, was at war with Spain, Holland, 
Austria and Great &itain. England was overrun with the 
unhappy emigres who had escaped from France and from the 
atrocities perpetrated by the revolutionary committees. 

As already pointed out, a state of political disturbance or even 
violent disorders, provided it does not touch the persons of the 
individuals, never seems to arrest the continuance of their work 
by students of nature living at the period, and though Priestley 
had been obligedto leave his native land, investigation of chemical 
phenomena,and especially those connected with fire and air, was 
still carried on in this country by others. The most notable 
figure in the scientific world at this period was Henry Cavendish. 
Strange to say, very little is known of the early life of this remark¬ 
able man, son though he was of a noble family which could look 
back over eight centuries to Horman times for its first distinguished 
members. Something more may yet be learned about his work, 
though probably nothing can now be added to the scanty records 
of his life when the remainder of the Cavendish papers belonging 
to the Duke of Devonshire and now under investigation by 
representatives of the Royal Society have been fully examined. 

The Honourable Henry Cavendish was the elder of two sons of 
Lord Charles Cavendish, who married Lady Anne Grey, fourth 
daughter of Henry, Duke of Kent. Lord Charles Cavendish 
was the third son of the second Duke of Devonshire. Henry 
was thus a grandson of a duke by both parents, and was closely 
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connected with many of the aristocratic families of Great 
Britain. He was born on October 10, 1731, at Hice, whither 
his mother, Lady Anne Cavendish, had gone for the benefit of 
her health. The Honourable Frederick Cavendish, his only 
brother, was born in London. Nothing is known concerning the 
earlier years of the brothers beyond the fact that in 1742 Henry 
was a pupil at Dr. Newcomers School at Hackney, whither his 
brother was sent a year or two later. From school he went to 
Cambridge, where he entered at St. Peter’s College, and com¬ 
menced residence on November 24, 1749. He remained in 
regular attendance till February 23, 1753, and then, although 
the full time had been spent in residence required for the degree, 
he left without graduating. Henry’s younger brother Frederick 
was entered on April 10, 1751, and also left without taking his 
degree. His cousin, Lord John Cavendish, fourth son of the 
Duke of Devonshire, entered in February, 1750, and took the 
degree of M.A. in the year 1753. There is no record of what 
Henry Cavendish did during the nest ten years. He appears to 
have visited Paris together with his brother Frederick, and in all 
probability he occupied himseH in mathematical and physical 
studies. From the papers he left, which are for the most part 
undated, it is impossible to say in what direction these studies 
led him. His first published researches were, however, chemical, 
and his paper on Factitious Airs was published in the Transactions 
of the Royal Society for 1766. This paper consisted of three 
parts which were published at the time, and a fourth part which 
remained after his death ready for the press, but unpublished till 
it was disinterred by the Eev. W. Vernon Harcourt and com¬ 
municated to the British Association in 1839. These papers 
contain the results of Cavendish’s experiments on carbonic acid, 
hydrogen, and other gases already known, but imperfectly 
characterised by previous researches, and insufficiently distin¬ 
guished by their properties from one another. Inflammable air 
had long been known, but Priestley and other chemists up to this 
time do not seem to have been aware that the inflammable air 
obtained from metals by dissolution in sulphuric or muriatic 
acid was not the same thing as the inflammable air obtained 
from charcoal. In the earliest of the memoirs already mentioned 
Cavendish for the first time showed that the different kinds of 
air have different specific gravities, and his experiments were 
coridiicted with refinements previously neglected, including the 
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use of materials for drying tte gas operated on and corrections of 
volume for temperature and pressure. 

Tire name of Cavendisli in tie department of chemical as 
distinguished from physical research will for ever be associated 
with the study of the properties of hydrogen and the establish¬ 
ment of the composition of water. Under the title Experiments 
on Air two important papers were published in the Philosophical 
Transactions for 1784 and 1785.^ The former contains an 
account of the experiments by which the composition of water 
was proved experimentally and this important point fully 
established by Cavendish. The combination of inflammable air 
with common air had already been tried by IMr. Warltire. a friend 
of Priestley, who found a slight loss of weight and that when the 
experiment was repeated in glass vessels there was a deposit of 
dew. This was explained by Priestley by the hypothesis that 
common air deposits its moisture by phlogistication.” Here it 
is permissible again to remark on the confusion and complication 
of language imposed by the employment of the phlogistic doctrine 
throughout the papers of Cavendish, equally with those of 
Priestley, in giving an account of his experimental enquiries. 

What Cavendish did finally was to prove beyond dispute 
that when inflammable air from metals is burnt with about 
times its bulk of common air, and the burnt air is made to pass 
through a long glass tube, the only liquefiable product of the 
experiment, the dew, in fact, is pure water. In the experiment 
of which details are given by Cavendish no less than 135 grains, 
or more than a quart er of an ounce of water, were collected. Other 
experiments were made in which the two airs were fired by an 
electric spark in a glass globe, which is represented on the modern 
lecture-table by the pear-shaped vessel commonly called “ Caven¬ 
dish’s Eudiometer.” The result may be recalled in his own words 
as follows: “ By the experiments with the globe it appeared 
that when inflammable and common air are exploded in a proper 
proportion, almost all the inflammable air and near one-fifth of 
the common air lose their elasticity, and are condensed into dew. 
And by this experiment it appears that this dew is plain water, 
and consequently that almost all the inflammable air and about 
one-fifth of the common air are turned into pure water.” 


^ These may be read in the Alembic dub Reprint, No. 3 (Edinburgh. 
Clay). 
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But this is not all, for Cavendish then proceeded to examine 
the result of firing a mixture of inflammable air (hydrogen) vuth 
dephlogisticated air (oxygen) and obtained, hj collecting the 
products of successive experiments, about 30 grains of water, 
which, however, was acid to the taste and when saturated with 
alkali yielded nearly two grains of nitre. Enquiry into the source 
of this acid led to further experiments in which Cavendish took 
the precaution of using oxygen from several sources, and also in 
different experiments different proportions of hydrogen. He 
found that when the burnt air '*'was almost completely de¬ 
phlogisticated ” (that is, a relatively large proportion of hydrogen 
was used), the condensed water was not at all acid, whereas when 
the proportion of hydrogen used was less, and therefore the 
proportion of oxygen greater, the amount of acid produced was 
greater and this acid '' was always of the nitrous kind.*’ 

Cavendish agreed with Lavoisier and Scheele that common 
air is a mixture of two distinct substances and that though they 
were respectively named dephlogisticated and phlogisticated airs 
they do not differ only by their degree of phlogistication, and he 
also arrived at the conclusion that mercurius calcinatus (red 
precipitate), however prepared, is only quicksilver which has 
absorbed dephlogisticated air from the atmosphere during its 
preparation.” This is, of course, what Lavoisier taught, but 
although Cavendish was acquainted with Lavoisier’s doctrine he 
did not accept it, and in the paper from which the preceding 
extracts have been made, he explained why he still preferred to 
use the language of the phlogistic theory, and this phraseology he 
continued to employ in a second paper on air communicated to the 
Eoyal Society the following year (1785). The second paper gives 
an account of experiments by which the composition of nitricTacid 
was discovered. It shows that the diminution of volume brought 
about in atmospheric air by the action of the electric spark alone 
is not due to the generation of fixed air as had been previously 
supposed, but that it “ depends upon the conversion of phlogis¬ 
ticated air into nitrous acid.” 

This paper contains the passage which in recent times has 
become famous in consequence of its relevance to the experiments 
made a hundred years later by Lord Rayleigh w^hich resulted in 
the isolation of argon. Cavendish pointed out that in his day 
very little was known concerning the properties of phlogisticated 
air (nitrogen), and it was doubtful whether the whole of the 
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pHogisticated air of tlie atmospliere xvas of one land, or 
‘“wiietlier there are not in reality many different substances 
confounded together by us under the name of pHogisticated air.'"’ 
And then he goes on to describe the experiment by which he 
settled this point. He had already found that a small quantity/ 
of acid was produced when depUogisticated air and inflammable 
air were exploded together and that this proceeded from the 
accidental admixture of a small quantity of pHogisticated air. 
Then he goes on to relate how he “ therefore made an experiment 
to determine whether the whole of a given portion of the 
pHogisticated air of the atmosphere could be reduced to nitrous 
acid, or whether there was not a parti of a different nature from 
the rest wHch would refuse to undergo that change. The fore¬ 
going experiments indeed in some measure decided tHs point, as 
much the greatest parii of the air let up into the tube lost its 
elasticity; yet as some remained unabsorbed ^ it did not appear 
for certain whether that was of the same nature as the rest or 
not. For tHs purpose I diminished a similar mixture of de- 
phlogisticated and common air in the same manner as before till 
it was reduced to a small part of its origmal bulk. I then, in 
order to decompound as much as I could of the pHogisticated air 
wHch remained in the tube, added some depHogisticated air to 
it and continued the spark till no further diminution took place. 
Having by these means condensed as much as I could of the 
pHogisticated air, I let up some solution of liyer of sulphur to 
absorb the depHogisticated air; after wMch only a small bubble 
of air remained unabsorbed, wMch certainly was not more than 
xiu of the bulk of the pHogisticated air let up into the tube ; so 
that if there is any part of the pHogisticated air of our atmo¬ 
sphere which differs from the rest, and cannot be reduced to 
nitrous acid, we may safely conclude that it is not more than 
part of the whole.’’ 

It may perhaps be worth wHle to state in modern language 
what Cavendish had accomplished. He knew that the atmo¬ 
sphere consisted mainly of two kinds of air, the one now called 
oxygen wHch combines with hydrogen to form water and unites 
with mercury (producing red precipitate) and with other 
metals. The other constituent of air, since named nitrogen, was 
now proved to be uniform in constitution and was convertible. 


- By the alkaline solution used in the experiment. 
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witli tJie exception of tie small residue amounting to -^lo of tlie 
whole, into an acid which was absorbed by alkaline solutions 
and converted into nitre. This result was arrived at by sparking 
common air mixed with successive additions of oxygen in a tube 
containing caustic potash, the surplus oxygen being withdrawn 
at the end of the experiment by introducing a little alkaline 
sulphide. 

The reader may also be reminded that at the time Ca vendish 
was making his experiments the only known method of procuring 
electric sparks was by friction of a glass globe or cylinder by means 
of a pad pressed against it while the cylinder was rotated by hand. 

Cavendish had a turn of mind essentially mathematical, and 
consequently most of his researches assumed a quantitative 
character. He not only determined the fact that the air of the 
atmosphere contains two chief constituents, but he desired also 
to know in what proportions they were present and to what 
extent, if any, they varied in air taken from different places. 
Priestley had discovered that when nitric oxide is mixed with 
air a contraction follows, and was ignorant of the fact that the 
amount of contraction varies according to the way in which the 
gases are brought together. He therefore supposed that the 
purity of the air, that is, the amount of dephlogisticated air (or 
which it contained, could be ascertained by mixing it 
with a measured quantity of nitric oxide over water and observing 
the contraction which ensued. The instrument used was called 
a Eudiometer or measurer of the goodness of the air, or, to use 
the language of the period, its freedom from phlogiston, w’hich 
was supposed to be the cause of bad quality. ^Priestley, by 
employing nitric oxide, had succeeded only in showing that 
common air contains about J of good air, but he found by 
applying his process that though air from different localities 
seemed to vary in quality it was not always the hypothetically 
bad air which was found by the test to be most deficient. Caven¬ 
dish undertook the examination of the question, and ultimately 
came to the very important conclusion that atmospheric air is 
substantially constant in composition. It is unnecessary to 
descri^ Cavendish’s modification of Priestley’s method of 
analysis, as it has long since been abandoned by all chemists, and 
an account of it and all the precautions taken would be tedious. 
Sufl5.ce it to say that he succeeded in using it in such a way as to 
get uniform results and, as a consequence of the long series of 
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experiments lie undertook, tie proportions of tie constituents 
expressed in modem language were found to be— 

Oxygen 20*833 
Nitrogen 79*167 


100*000 

And tiese figures are piactically identical witi tiose wiicli 
result from tie best experiments of modern times. Tie following 
account is given by Cavendisi of his researches on tie subject: 
"'During tie last half of tie year 1781 Itried tie air ofenear sixty 
different days in order to find whether it was sensibly more 
pilogisticatedat one time than another, but found no difference 
that I could be sure of, though the wind and weather on those 
days were very various, some of them being fair and clear, others 
very wet, and others very foggy.” Altogether some hundreds of 
analyses were made, and as already mentioned the results agree 
closely with those of modern times, while the experiments of his 
most eminent contemporaries led to conclusions very different 
and diverse. Scheele, for example, found the proportion of 
oxygen 25 per cent., Lavoisier made it 27 per cent, of the air 
operated on. 

Cavendish pursued his chemical researches as paiii of a general 
philosophical view of nature, and he made frequent excursions 
in other directions. Thus in 1771 he published a paper in the 
Philosojpihic(d Transactions on the phenomena of electricity, and 
in 1776 he showed that the effects on the human body produced 
by the torpedo, or cramp-fish of the Mediterranean, are probably 
produced by electric discharges. 

Cavendish’s views concerning the theory of quantity and 
intmsity of electricity were held deserving of respect when, more 
than fifty years later, they were examined by Faraday. Caven¬ 
dish early became interested in the phenomena of heat, and 
succeeded in determining with considerable accuracy the melting 
or free 2 dng point of mercury, concerning which very extravagant 
ideas had previously been accepted. In 1796-7-8 Cavendish 
carried out the famous enquiry concerning the mean density of 
the earth to which his name is usually attached. The apparatus 
consisted essentially of a long rod suspended by the middle and 
having at each end a small ball of lead, the whole enclosed in a 
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glass case. Two large balls of lead bung independently couH be 
lowered so as to be close to tbe small balls, and by means of a 
proper scale and vernier the movements of tbe small balls could 
be observed and tbe force of attraction between tbe balls ac¬ 
curately determined. From tbe results of twenty-nine observa¬ 
tions Gavendisb computed tbe mean density to be 5-448. On 
this result tbe late Professor J. H. Poynting, bimself a dis¬ 
tinguished researcber in connection with tbe same problem, 
remarks : '“'An examination of Cavendish's work in this 

experiment fully bears out the general opinion that he was a 
magnificent experimenter. ... Of course we can see now that 
the method might have been improved in some ways . . . but 
considering that it was tbe first attempt to measure exactly 
forces of such an order tbe success obtained was most remark¬ 
able.'"^ And remembering that all the best modern results by 
different methods work out near tbe value 5-5 it is clear that this 
judgment is supported by all tbe facts. Cavendish was indeed a 
magnificent experimenter and has left bis mark on every subject 
be undertook, and there were several to which further reference 
cannot be introduced here, 

Tbe life of Henry Cavendish contained few incidents beyond 
those which are revealed in the papers relating to bis scientific 
work and experiments. Even in this direction bis peculiar 
disposition, so unlike that of Priestley, led him often to be content 
with writhig down bis results apparently for bis own satisfaction 
alone, and with no regard either to his reputation as a philosopher 
or to any benefit which might accrue to the stock of human 
knowledge. In early life he seems to have been provided by his 
father with a very modest income, tbe amount being stated by 
one contemporary to have been £500 a year, by another only 
£120. He doubtless acquired at this period those habits of 
economy which he retained ever afterwards, but this circumstance 
is not sufficient to account for the peculiar shyness and oddity of 
demeanour and the ‘^singular love of solitariness’" which 
characterised him throughout his remarkable life. This re¬ 
luctance to mix with other men led to many curious scenes, of 
which different versions are extant. On one occasion, for 
example, it is said that on being brought face to face with a 


^ TJie Mean Density of the Earth. The Adams Prize Essay, 1894 
(Gbas. Griffin & Co., London). 
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distinguished foreigner, who was^anxious to make his acquaintance 
and had come to England with that object in view, Cavendish 
stood, silent and confounded, till spying an opening in the sur¬ 
rounding crowd—^it was at a reception by the President of the 
Royal Society, Sir Joseph Banks—he rushed out of the room, got 
to his carriage and drove directly home. Many accounts have 
been given of his peculiarities. Among the rest memoranda were 
left by Sir Humphry Davy and Dr. John Davy, his brother, by 
Professor Playfair, of Edinburgh, by Dr. Thomas Thomson, and 
others. Prom these we learn that his appearance was insig¬ 
nificant, and except forthe peculiarity of his dress would not have 
attracted attention. He wore the costume of his grandfathers, 
the coat of faded velvet with high collar, shirt frilled at the 
wrist, with three-cornered cocked hat, a fashion from which he 
never departed. He had a thin squeaking voice, with a hesita¬ 
tion or difficulty of speech which increased when he was em¬ 
barrassed, as was often the case in the presence of strangers. 
He encouraged no intimacy with anyone and rarely entertained 
guests at his house. It was related that Cavendish seldom had 
company, but on one occasion three or four Fellows of the Royal 
Society were to dine with him and his housekeeper came to ask 
what was to be got for dinner. The order was, as usual, “ a leg 
of mutton.” Sir, that will not be enough for five.” “ Well, 
then, get two,” was the reply. 

His father. Lord Charles Cavendish, died in 1788, but even 
before that time Henry had become a wealthy man. From what 
source or sources his fortune was derived is uncertain, but at the 
time of his death he was worth altogether about £1,500,000 and 
was the largest holder of bank stock in England. Cavendish, 
however, made little use of his wealth, and was so indifferent to 
the value of money that the story goes that he quarrelled with 
his bankers for troubling him by asking what they were to do 
with the large balance remaining in their hands uninvested. His 
whole thoughts seem to have been occupied with his philosophical 
studies and experiments. He was, in fact, 'Me plus riche de 
tons les savans, et probablement aussi le plus savant de tons les 
riches,” according to the epigrammatic saying of Biot in the 
Biographie UniverseUe, In the latter part of his life he had two 
houses in London, one at the comer of Montague Place and 
Grower Street, on which a tablet, recently placed om®the 
wall, records the fact, the other in Dean Street, Soho, in 

E 
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wFicli he had collected a large scientific library. In the 
former probably his researches on air and water were chiefly 
conducted, but his favourite residence was a beautiful villa at 
Clapham. Here his torsion experiments on the determination 
of the mean density of the earth were done in an outhouse in the 
garden. The whole of the house was occupied as workshops and 
laboratory. His habitual extreme shyness did not prevent his 
seeking the society of men of science from whom he could get 
information. As early as July. 1760, Henry Cavendish was 
admitted to the membership of the Royal Society Club. The 
club consisted of a small body of Fellows of the Royal Society 
and others who dined together on the days of meeting of the 
Royal Society, usually once a week. ^Tien this practice was 
established regularly is somewhat uncertain, but the club may be 
said to have been formally constituted in 1743, and has con¬ 
tinued in unbroken existence ever since. It has long been 
limited to Fellows of the Royal Society.^ 

Henry Cavendish had been on previous occasions present at 
meetings of the club as the guest of his father, with whom he was 
then living, and carrying on electrical and other researches in 
his laboratory at Great Marlborough Street. Notwithstanding 
the ungregarious habit of his life, Henry Cavendish evidently 
met with something at the meetings of the club which responded 
to some unsatisfied craving in his mind, for the records show that 
he became the most constant and regular in his attendance at 
the meetings of all the members who have ever belonged to the 
fraternity. We learn from Sir Archibald Geikie that at first he 
seems to have restricted himself to about two dinners in the 
month, but ‘"from 1770 onwards to the end of his life, that is, 
for some forty years, his record was never lower than 44 atten¬ 
dances in the year and was usually about 50. In 1784 January 
began on a Thursday, the meeting day of the club, and December 
ended on a Friday, thus giving in all 53 weekly gatherings, and 
he was present at every one of them. In the slack months of the 
year when most of the members were away on holiday, some¬ 
times not more than two made their appearance at a meeting, 
but one of these was pretty sure to be Henry Cavendish. In 
1809, the last complete year of his life, he attended 51 times, 
and in the succeeding January and February he was in his 

^See Annals of the Royal Society Club, by Sir Archibald Geikie 
(Macmillan. 1917). 



CAVENDISH 


51 


accustomed place every week till little more than a fortnight from 
his death, which took place on March 10, 1810, in the seventy- 
ninth year of his age. It is thus obvious that he was but little 
away from London during the last forty years of his life, and that 
he must have had remarkably good health to be able to make 
his appearance so regularly in spite of inclemencies of weather 
and the complaints which accompany them. 

That he was the creature of habit was shown in many little 
ways, such as always hanging his cocked hat on the same peg. 
At home his boots were placed against the dining-room door 
always in one spot, and in one particular position, with the point 
of his stick standing in one of his boots, and always in the same 
boot. 

At the club Cavendish seems to have overcome his timidity 
to the extent of inviting guests on many occasions. Some of 
these may have been candidates for admission to membership, 
others were Cavendish’s own friends, and there can be little 
doubt that he was on terms of some intimacy with the Eev. John 
Michell, from whom he received the original model of the torsion 
apparatus, also with Charles Hatchett, the mineralogist, then 
(1800-2) a young man. 

Notwithstanding his peculiarities, Cavendish was appar¬ 
ently profoundly respected by his contemporaries. Of his 
intellectual powers there was no doubt, and the importance of 
his discoveries has been acknowledged not alone by his own 
countrymen and contemporaries but by the world of science at 
all times. His life was not necessarily unhappy, in spite of the 
restrictions he imposed on himself, but his days were spent in 
measurements of one kind or another, and there is no record 
of relaxation such as enjoyed by most men from art, 
literature, music or mere sport. On the other hand, he seems to 
have been incapable of jealousy or quarrelsomeness, for not¬ 
withstanding the dispute concerning the composition and nature 
of water, about 1784, which at one time excited a great con¬ 
troversy, Cavendish met his great rival, James Watt, in friendly 
intercourse. 

For his brother Frederick he seems to have had a cool kind 
of ajBEection, and they seldom met. He appears to have been 
accessible to appeals for help from his ample purse, but it was 
probably true, as was said of him by a contemporary, “that 
Cavendish did some good in a very ungracious manner.” 
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He would never sit to an artist, and the only portrait existing 
is a water-colour sketch of wHch the original is preserved in the 
British Museum. This was obtained surreptitiously while at 
ainneT by arrangement with Sir Joseph Banks, who provided the 
opport’unV to the artist Alexander, “ the excellent draughtsman 

to the China Embassy.” r-n- x 4 . i, x. 

Concerning his death many different accounts have been 
iriven and they agree only in stating that as he felt the end ap¬ 
proaching he desired to be alone. The most credible story is 
that which was given by Sir Bverard Home, the well-known 
surgeon. The substance of Sir Everard’s statement was that 
Cavendish sent his servant away, “ordering him not to come 
near Tiim till night, as he hod sotnething particulor to engage his 
thoughts and did not wish to be disturbed by anyone. The servant, 

who believed his master to be dying, summoned Sir Everard 
Home, who hastened to Clapham. Sir Everard stayed with the 
dyiniJ man during the night, and the patient remaiued tranquil 
till in the early morning he departed this life. He was buried 
in All Hallows or All Saints Church, Derby, where Elizabeth 
Hardwick, an ancestress of Queen Elizabeth s time, had built 
for herself and her descendants a magnificent tomb. For many 
generations a kind of public funeral was given to all the Caven¬ 
dishes, and presumably to Henry, for on the death of his brother 
Frederick two years later he was buried, according to the 
Gentleman’s Magazine for 1812, in the family vault, the corpse 
being met at the entrance to the town by the Mayor and thirty 
burgesses in mourning. 
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SCHEELE 

In tie endeavour to recall tie conditions under wiici scientific 
work was carried on in tie eigiteenti century tie fact must not 
be forgotten tiat personal communication between students 
occupied in tie same or closely cognate subjects very often 
afiords a stimulus to furtier effort and is sometimes a source of 
new ideas and inspiration. Written communications addressed 
to societies, associations and academies also iave tieix use, 
inasmuci as tiey lead commonly to publication in tie form of a 
printed journal wiici comes before a wide circle of readers. 
At this period there were many difficulties in tie way of both 
these methods of communication, and scientific men usually 
stored up tie results of their studies until tiey had accumulated 
enough material to make a book. This was to a considerable 
extent Priestley’s plan, as already explained, and as other men 
commonly resorted to tie same method it happened occasionally 
tiat a discovery remained unrevealed to tie world for some time. 
Priestley’s name is indissolubly connected with tie discovery of 
oxygen in 1774, but it appears certain that tie same gas was 
isolated from several sources, and its chief properties examined 
nearly two years earlier by a poor apothecary, Carl Wilhelm 
Scieele, working in Sweden. His Chemical Treatise on Air and 
Fire in wiici his experiments are recorded was, however, not 
publsied till 1777, and thus tie priority in discovery to wiici 
he might iave laid claim fell to tie lot of another. In a letter 
to Gain (tie mineralogist) dated February 9, 1777, Scieele 
states tiat he had not seen Priestley’s book, and complains of 
tie want of literature in Kdping, where he then was. 

Tie story of Scieele’s life is one of pathetic interest, and 
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many details relating to Ms experimental work, his struggles 
against poverty and ill-health and his early death, remained for 
upwards of a century unknown to the world. The design of 
collecting together Ms laboratory note-books, his letters and 
other papers, was conceived shortly after his death by the secre¬ 
tary of the Swedish Eoyal Academy of Sciences, Johann Carl 
Wilcke. This design, however, was frustrated by the death of 
Wiicke himself in 1796. By the patriotic labours of Baron A. E. 
Ifordenskidld, assisted by Frau Elin Bergsten, who deciphered 
and copied the laboratory notes and letters, the work was 
ultimately accomplished, though nearly a century later, and with 
the permission of the Swedish Academy these relics were col¬ 
lected into one handsome volume in 1892, with, simultaneously, 
a translation into German. From tMs volume full information is 
obtainable concerning Scheele’s life and work. 

Carl Wilhelm Scheele was bom on December 9, 1742, one 
of a family of eleven cMldren consisting of six sons and five 
da:Ughters, Carl Wilhelm being the youngest but one of the sons. 
His father, Joachim Christian Scheele, was a merchant at Stral- 
sund, the chief town in what was then Swedish Pomerania. 
Though connected with a highly respectable family, he does not 
seem to have been in a position to afford his sons an academic 
education. Two of them adopted the calling of ajpotheJcer, 
One of these was Carl Wilhelm, who after a very short period of 
school life in 1757, at the age of fourteen years entered the 
business of Mart.in Anders Bauch at Gothenburg. The elder 
brother, Johann Martin, had been placed in the same pharmacy, 
but had died three years before. 

Discerning the ability of his young pupil and Ms inclination 
toward study, the master afforded liberal opportunities for 
acquiring knowledge of chemical and pharmaceutical matters. 
In a small town of ten or eleven thousand inhabitants in those 
days it may be imagined there were but few opportunities of 
instruction, but the pharmacy itself afforded material enough 
for observation and experiment. In course of time every one of 
the chemical substances with wMch in Ms youth Scheele was thus 
brought mto contact became the subject of Ms observations or 
the startmg-pomt for discoveries. Among the books to which he 
tod access were Caspar Neumann’s Prcdectiones Chemicw, 
L^eiy s Corns de Ghimie, Boerhaave’s Elmienta Ohemice, von 
Lbwenstem-KunckePs Laboratorium Chymicum, and Bothe’s 
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Anleitimg zvjr Gliymie. Such were the aids with which Scheele 
made himself a competent researcher. 

In letters to Scheele's father, his master Bauch always re¬ 
ported of his pupil in terms of the highest praise, and only 
expressed fear that studies often protracted into the night would 
injure his health. Similar testimony to the ardour with which 
he pursued his experiments was given by other persons, including 
fellow-pupils. 

In 1765 Bauch sold his business and Scheele took a situation 
with the apotheker P. M. Kjellstrom in Malmo. From this 
time dates his acquaintance with Anders Johan Retzius, who 
was about the same age and later became a distinguished pro¬ 
fessor m the University. The friends corresponded for some 
time after Retzius left Malmo, and at Scheele’s death Retzius 
published an enthusiastic memorial of his talents and of his extra¬ 
ordinary diligence in the pursuit of experimental investigation. 
Without systematic training, he worked with no prejudices and 
untrammelled hy theory, so that he observed much and dis¬ 
covered many things which convention would regard as im¬ 
possible, being contrary to theory. It is not surprising that 
Retzius should have been astonished at the large number of 
experiments recorded in Ms note-books, and science is un¬ 
doubtedly indebted both to Bauch and Kjellstrom for the almost 
unlimited freedom allowed to their assistant in the pursuit of his 
enquiries. 

In 1768 Scheele removed to Stockholm, where, however, he 
was employed not in the laboratory of the pharmacy but in the 
shop. His opportunities for experiment were thus restricted, hut 
he made use of a sunny window in which he was able to establish 
the important fact that the reduction of silver chloride was 
promoted in difEerent degrees by different portions of the solar 
spectrum. 

Retzius followed Scheele to the capital a few months later, 
and the result of a research undertaken by the friends jointly 
was the isolation of tartaric acid from cream of tartar. A 
paper on the subject appeared in the Transactiom of the Royal 
Swedish Academy of Sciences in 1770, and thus for the first time 
Scheele’s name appeared in print as a discoverer. A previous 
attempt at publication had been unsuccessful, but from Scheele’s 
correspondence with Gahn and laboratory notes which have now 
been published, it appears that Scheele had by this time found 
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that inflammable air (hydrogen) is evolved when iron or zinc is 
digested with an organic acid and water^ and the laboratory notes 
contain a drawing of a simple apparatus ior collecting the 


Scheele appears|to have thought he 
\ad got hold of fhhgiston itself, which 
he supposed was a constituent of the 
metaL He devised an apparatus, 
shown in the accompanying figure, by 
which he obtained the gas, not only 
with the aid of acids, but by means of 
water and iron filings alone. A is a 
bottle containing iron filings (B): it was 
filled with water to the neck, a stopper 
carrying a glass tube was added and 
the whole hung up in an inverted 
position over a glass vessel (D). In a 
few days bubbles appeared on the iron 
and in two or three weeks the gas dis¬ 
placed the water. The inflammable air 
which fiUed the bottle was pronounced 
by Scheele to be phlogiston elasticum. 
Another paper of Scheele’s, Cherni- 
cal Experiments with Salacetosella 
{potasskm add oxalate), was also rejected by the Academy. 
It seems probable that this was due to some omission 
on the part- of Bergman, who at that time was Professor of 
Chemistry and Pharmacy in the University of Upsala, and to 
whom the paper was referred by the Academy. This, however, 
could not have been due to any personal prejudice, as Scheele 
was probably unknown to him at that time. This acquaintance, 
however, was accomplished very soon afterwards, for Scheele, 
in the autumn of 1770, migrated to Upsala, where he took 
a place as assistant in the laboratory of the apotheker 
Lokk. 



Before leaving.Stockholm Scheele had struck up a friendship 
with Johann Gottlieb Gahn, a mineralogist of about his own age, 
and with whom he afterwards maintained a correspondence 
extending over many years. Gahn was the means of introducing 
the clever young apothecary to the Professor, and it cannot be 
doubted that this meeting was to the advantage of both. Berg- 



SCHEELE 


57 


man was a learned and aecomplislied man, possessing, however, 
but slight^experience in practical chemistry. The duties of the 
professor in those days did not include much in the form of 
practical instruction, and the Universities were for the most part 
destitute of laboratories. On the other hand. Scheele had already 
distinguished himself by his experimental skill, which he had 
exercisedindependently of the theory and^themysterious language 
still employed in the chemical writings oi the day. Eetzius was, 
in fact, led to declare in reference to the relations between the two 
men, that it was difficult to decide which was the teacher and 
which the taught. Bergman continued to write on a variety of 
subjects till his death in 1784, but though he undoubtedly 
rendered good service to science in laying the foundation of 
quantitative chemical analysis, and in the application of 
chemistry to mineralogy, it will be doing no injustice to his 
memory to repeat the saying of one of his biographers, that 
“the greatest of Bergman’s discoveries was the discovery of 
Scheele.” 

Scheele, however, learned much from the Professor, and it 
appears that it was at Bergman’s suggestion that he undertook 
the investigation of blacJc magnesia (or manganese), which led to 
such epoch-making results. Fortunately Scheele seems to have 
had abundance of time for research while in Lokk’s laboratory, 
and while in Upsala he completed his great work on Fire and 
Air, Here before 1773 he had isolated oxygen by the action of 
heat on silver carbonate, mercuric carbonate, mercuric oxide, 
nitre, magnesium nitrate and by distilling a mixture of arsenic 
acid and manganese dioxide. It is probable even that long 
before in Malmo he had obtained the gas in connection with his 
examination of nitrous acid: the so-caUed saljpeterlvfi^ the red 
oxide of nitrogen, and its properties were known to Scheele long 
before anything had been published on the subject. The 
examination of manganese led not only to the isolation of oxygen, 
but of chlorine, arsenic and baryta, and the recognition of 
manganese as a metal previously unknown. The chemical 
characters of silica, magnesia, microcosmic salt and oxalic acid 
were also demonstrated by Scheele. 

Hitherto academic professional prejudice had prevented 
Scheele, a mere student of pharmacy, &om taking part in 
University life, but on February 4th, 1775, at a meeting at which 
the king was present, Scheele was elected a member of the Eoyal 
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Academy of Sciences, an honour wMcL. never before or since had 
been conferred on a student of pharmacy. 

In order now to exchange his subordinate position in Upsala 
for one of more independent character, Scheele accepted in 1775 
the appointment of superintendent of the pharmacy of Hoping, 
a small town some sixty miles from Upsala, in succession to 
Hinrich Pascher Pohls, whose privileges on his death passed to 
his young widow, Sara Margaretha Sonneman. The change was 
very welcome to Scheele, who in a letter to Gahn burst forth. 
Oh, how happy I am! No care for eating or drinking or dwelling, 
no care for my pharmaceutical business, for this is mere play to 
me. But to watch new phenomena this is all my care, and how 
glad is the enquirer when discovery rewards his diligence; then 
his heart rejoices.'" ^ Unhappily it turned out that the peaceful 
life he had looked forward to was not as yet to be his. The 
widow and her father entered into negotiations for the sale or 
lease of the business to another man. This appears to have 
affected Scheele deeply and, little as he was accustomed to 
discuss his private affairs, his letters at this time reveal his dis¬ 
appointment. 

However, Scheele received from many quarters evidence of 
the high esteem in which he was held. Gahn invited him to join 
him at Falun. Bergman desired him to return to Upsala. It 
was proposed that he should take charge of the pharmacy at 
Alingsas with a private laboratory attached, and it was publicly 
suggested that he should return to Stockholm with the title of 
Cliemicus r^ius. He even received offers from foreign countries. 
D’Alembert, in a letter of December 15,1775, addressed to the 
King of Prussia, proposed that he should be called to Berlin, and 
according to a letter from his brother Christian Scheele to 
Wilcke, preserved in the library of the Eoyal Academy of Sciences, 
he actually received in 1776 an invitation with an offer of a 
salary of 1,200 reichs-thalers. It is also stated in Crell’s 


Xictter to Gahn, December 26, 1774: " ilochgeelirter Herr, •mpio 
werthester Freund ! O "wie gliicklich bin ich.! Keine Sorge fiir Essen und 
Tn^en, keine Sorge fur Wohnung, keine Sorge fiir meine pharmaceu- 
tiscnen La^orationen und fiir die Anfertigung der Defecta—denn dies ist 
nur ein Spiel fiir mich. Aber neue Phcenomena zu erklaren, dieses macht 
mane Sorge aus, und wie froh ist der Eorscher, wenn er dass so fleissig 
G^uchte nndet, eine Ergotzung wobei das Herz lacht.” 
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Biographie that overtures from England had placed at his disposal 
£300 a year, with an easy and advantageous situation. This 
statement, however, was altogether discredited by Thomas 
Thomson in his well-known History of Che^nistry. After enquiry 
of Sir Joseph Banks, Jilr. Cavendish and other chemists in Great 
Britain, none of them were found to have ever heard of such 
negotiation. And that such a proposal should ever have been 
made is improbable. As remarked by Thomson, '‘while in 
every other nation in Europe science is directly promoted and 
considerable sums are appropriated for its cultivation and for the 
support of a certain number of individuals who have shown 
themselves capable of extending its boundaries, not a single 
farthing has been devoted to any such purpose in Great Britain, 
Science has been left entirely to itself : and whatever has been 
done by way of promoting it has been performed by the unaided 
exertions of private individuals.” Unhappily this was very 
true, not only in the eighteenth century under the government 
of George III., but down to times much more recent and almost 
within living memory. 

None of these various friendly proposals was accepted by 
Scheele, and encouraged by the high consideration he had won 
for himself among the inhabitants, he preferred to remain in 
Koping. As he wrote to Bergman: " I cannot eat more than 
enough, and so long as I can obtain enough I need not seek my 
bread elsewhere.” His neighbours, however, headed by the 
chief man of the province, procured for him the privilege of 
opening an independent pharmacy, considering that in allowing 
him to leave Koping a reproach would be cast alike against the 
honour and advantage of the town, and they declared their 
determination to deal with no other apotheker than Scheele. 

The sale of the business was thereupon put a stop to and 
Scheele remained in Koping. 

The Chemical Treatise orb Air and Fire was the great work of 
Scheele’s life. This work was based on the results of experiments 
carried out partly before 1770 in Malmo and Stockholm, ana 
partly during the first part of his residence in Upsala, that is, 
before 1773. The manuscript was in the hands of the prmter 
toward the end of 1775, but owing to his dilatoriness it was 
August, 1777, before the first copies of the book could be distri¬ 
buted to Scheele’s friends. 

In October, 1776, then, Scheele was finally established in 
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command of the pharmacy, though this had not been accom¬ 
plished without a struggle, for he found the business encumbered 
with debt. This he succeeded in gradually paying off, and a few 
years later was able to build for himself a new house and labora¬ 
tory. The widow of Pohls, his predecessor, assisted by one of his 
sisters, brought over from Stralsund, managed the dwelling- 
house, and here he continued to live peacefully and happily 
during the few remaining years of his life. He seems to have 
made no important journey from Koping after 1777, not even to 
attend a meeting of the Academy in Stockholm. He was - 
however, glad to receive visits from friends, especially those 
engaged in scientihc work. As to himself, he devoted his whole 
life to the laboratory, where his reckless ardour constantly 
exposed him to danger of various kmds. It is surprising that he 
did not meet with death in some of his dealings with such poison¬ 
ous gases and vapours as prussic acid and other cyanogen com¬ 
pounds, and it seems certain that his naturally good health was 
gradually mdermined by frequent exposure to an atmosphere 
charged with such compounds. Up to the age of thirty-five 
Scheele had enjoyed good health, but he then began to suffer 
attacks of rheumatism, probably due to exposure to cold in the 
shed which served as laboratory during the earlier months of his 
life in Kbping. In the autumn of 1785, however, he was attacked 
with a more persistent disorder of a similar kind, which in a 
letter^ he ascribed to gout, “ the trouble of all apothecaries.” 
Notwithstanding the pain he suffered, and the frequent fits of 
despondency which he found even more hard to bear, he still 
worked on, and in February, 1786, he sent to the Academy a 
memoir on gallic acid. In March he was recording his observa¬ 
tions on the decomposition of nitric acid in sunlight: “ I sbap 
repeat these experiments in the summer, and then we .shall see 
how they turn out.” But he never saw that summer. His 
illness, accelerated by a complication of disorders, ended his life 
on May 26,1 ^86. The work of the great investigator was thus 
taought to a close before he had reached his forty-fourth year, 
ftobably he felt his end approaching, for in his anxiety to provide 
for the TOdow Pohls who had performed for him to the last the 
simple duties of housekeeper, his sister having died in 1780, he 
not only prepred a will in which he left her sole heir to all his 
httle possessions, but two days before he closed his eyes he 
made her his wife. The inheritance included the apothecary’s 
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privilege, whicli two years later slie transferred to a provisor, 
Mathias Bolckon, wliom she took as her third husband. 

It is not difficult to estimate the importance of Scheele’s work. 
He lived at a time when the study of chemical changes and the 
isolation of elements and compounds and their recognition as 
distinct substances with characteristic properties were much 
needed. Without such knowledge chemical theory could make 
no progress, and the fact that Scheele continued to use the 
language of the phlogistic doctrine was of comparatively small 
importance in view of the host of definite discoveries which he 
established and which thus placed material for further work at 
the disposal of the chemist, Xot only did he isolate oyxgen 
and chlorine, beside other substances already mentioned, includ¬ 
ing many of the vegetable acids such as tartaric, citric, lactic, 
benzoic, gallic, oxalic and others, but he showed the general 
character of the oils and fats by discovering what he called the 
sweet principle of oils or glycerin by saponifying lard with oxide 
of lead. He also isolated the sugar of milk. He was the fiirst to 
show the nature of fluorides by preparing the corresponding acid, 
though in an impure state, and he discovered prussic acid and the 
means of producing Prussian Blue. The retention of the name 
Scheele’s Green is an acknowledgment of his work on compounds 
of arsenic, as the survival in pharmacy of the designation Scheele’s 
Acid applied to the stronger solution used occasionally in medicine 
down to comparatively recent times is testimony to his work in 
that direction. He learned to recognise tungstic, molybdic and 
arsenic acids, and he demonstrated the true nature of plumbago 
as nothing more than impure carbon. 

While through these years all this work and these discoveries 
of Scheele were in progress it must not be forgotten that, though 
in distant lands, there were other experimenters busy at the same 
time on kindred problems. In England we have seen that Black 
and Priestley in pursuit of their enquiries had been led to impor¬ 
tant discoveries. 

Tn the meantime the volume of Scheele’s letters includes one 
from the Swedish chemist to his illustrious contemporaryLavoisier 
in Paris, which serves to remind the reader how isolated were 
these solitary workers in those days and how few were the 
opportunities of comparing their results or of obtaining assistance 
from one another. On this occasion Scheele offers his thanks to 
Lavoisier for a copy of his Opuscules Physiques et Chimiques. 



62 


FAMOUS CHEMISTS 


(Paris, 1774), and begs bim to try an experiment which consists 
in heating dry silver carbonate by a burning glass and leaving 
the evolved gas in contact with water, holding lime in suspension. 
“ You will see,” he writes, “ how much air is produced in which 
a candle will burn and an animal will live.” At this time Scheele 
was familiar with the properties of oxygen. 


HI 

THE ANTIPHLOGISTIC 
REVOLUTION 

Lavoisier ( 1743-1794) 

CHAPTEE VI 

LAVOISIER ^ 

To appreciate even imperfectly the influence of Lavoisier on the 
progress of science it is necessary to recall to mind some of the 
circumstances, political and social, in the midst of which his fifty- 
one years of life were passed. At the time of his birth, August 
26, 1743, Louis XV. was on the throne of France, and in 1774 
was succeeded by his grandson Louis XVI. Nearly all the 
countries of Europe had long been ravaged by war, and famine 
lurked everywhere, while taxation became more and more 
oppressive even in England, and especially in France, where the 
misery of the peasantry has been repeatedly described by 
historians and made the subject of romance. The great French 
Revolution, as is well known, was not due to a sudden outburst 
of unreasoning fury, for it had been preceded during many years 
by riots and insurrections of the peasants. It has also to be 
remembered that the world had been prepared for a new order of 
things by the writings and influence of such men as Rousseau 
and Voltaire and by the circumstances of the revolution in the 
American colonies. Nor was the wretchedness of the mass of the 
people a condition to be found only in France. Here in England 
the use of wheaten bread by the poor was generally the exception, 
while mob violence was a frequent testimony of the discontent as 
well as ignorance and brutality of the majority of the populace 
alike in town and in country. 

Such a state of social disorder seems, however, to have been 
not inconsistent with considerable intellectual activity among 
the middle and upper classes of each country, and though art, 
except perhaps in the direction of music, made but little progress, 

^ The following account is adapted from a lecture ^ven to the Oxford 
Summer Meeting, Ai^ust, 1913, by the author. 
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literature, pliilosopliy and science can eacli claim to have made 
substantial growth" in the eighteenth century. Almost all 
knowledge then existing of nature, except as regards the move¬ 
ments of the heavenly bodies, was merely qualitative. To weigh 
or to measure was an operation as yet rarely resorted to in con¬ 
nection with chemical experiments or in observations concerning 
the effects of light or heat. The mariner’s compass had long 
been known, but electricity was known only in the form of 
sparks which could be drawn from various rubbed bodies as well 
as from the clouds, as shown by Benjamin Franklin in 1749. 
"What we call an electric current was then unknown, and was only 
discovered half a century later. 

The middle of the eighteenth century saw a new and great 
activity in the investigation of the nature and properties of the 
atmosphere in which all things at the surface of the earth are 
immersed. The pressure of this atmosphere had been demon¬ 
strated a hundred years previously by Torricelli, and Robert 
Boyle’s experiments on what he called the ‘‘ spring of the air ” 
had given the law known by his name. But, while some of the 
mechanical properties of the air were known, its chemical com¬ 
position and its participation in the processes of burning, of 
rusting, of decay, and fermentation were practically unknown. 

Stahl’s famous doctrine of Phlogiston was still almost univers¬ 
ally accepted, and it remained in possession of the field till driven 
out by the new preaching of Lavoisier toward the end of this 
period. 

Conditions favourable to the cultivation of scientific pursuits 
were very different from those which prevail at the present day. 
Special societies, such as the Chemical, Physical, and Geological 
Societies did not come into existence till much later, and though 
the Royal Society in London and the French Academic Eoyale 
des Sciences had been long founded there was but little direct 
encouragement given to scientific work. Moreover, the means of 
communication between different countries were very imperfect, 
and though there was doubtless some personal correspondence 
between men interested in the same pursuits, the publication of 
the results of scientific research by the Academies of Europe was 
often much delayed. 

The family Lavoisier came from Tillers-Cotterets, and though 
of humble origin, gradually rose in the social scale during the 
seventeenth century. The father of the chemist, Jean Antoine, 
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was a lawyer, but thougli witiout fortune lie bad married a 
daughter of the wealthy family Punctis. Young Lavoisier was 
accordingly educated at the College Mazarin under the most 
favourable circumstances. After studying law for a time he 
found out the attractions of mathematics and the physical 
sciences^ and at the age of twenty he determined on the pursuit 
of Science. It will be sufficient to say here that his early efiort=s 
were rewarded by his admission to the Academy of Sciences in 
1768. About the same time a step was taken which was destined 
twenty-six years later to lead him to the scafiold. 

He became a member of the '*Ferme Generale ” in the capacity 
of assistant to the fermier general Baudon^ who gave up to him 
one-third of his interest in the lease. This brought him a large 
income in addition to the moderate fortune inherited from Ms 
mother. Lavoisier appears to have regarded tMs as a means to 
the end which was the prime object of his life—^the advancement 
of science- He certainly spared no expense in the equipment of 
Ms laboratory and in the pursuit of Ms experimental researches. 

The Ferme Generale was a financial company empowered 
to collect all kinds of taxes, such as the duty on tobacco, salt 
and imported goods, on condition of paying to the state an annual 
sum agreed upon in advance for a term of years. Such a system 
was obviously open to great abuses. The agents of the Ferme 
often enriched themselves by oppressive exactions, and some of 

fermier generaux set public opinion at defiance in the scanda¬ 
lous extravagance of their luxury. 

It is not surprising that the Ferme was hated tMoughout 
France. In Lavoisier’s time, under the administration of 
Turgot, some reforms were introduced, and there is good reason 
to beHeve that Lavoisier was among those who discharged their 
public functions honestly and with the desire to ameliorate as far 
as possible the hardships imposed on the people from whom the 
duties had to be collected. 

In 1771 Lavoisiermarried Marie Anne Pierrette, only daughter 
of the Fermier General Jacques Paulze. Lavoisier was then 
twenty-eight years of age, wMle h^sfiahicee was fourteen. Though 
so young she had great force of character and worked incessantly 
to improve her knowledge and qualify herself to assist her hus¬ 
band in Ms researches. She learnt English and translated several 
works on chemical subjects. She was also a skilful artist and 
engraver. She made the plates for Lavoisier^s Traiti de CMmie 
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published in 1789, and studied painting under the direction of 
David. 

Arthur Young, the famous English agriculturist, in Hs 
travels in Fiance visited Lavoisier, and on October 16, 1787, 
made the following entry in his diary : '' Madame Lav., a lively, 
sensible, scientific lady, had prepared a dejeuner anglais of tea 
and coffee, but her conversation on Mr. Kirwan’s essay on 
Phlogiston, which she is translating from the English, and on 
other subjects, which a woman of understanding, that works 
with her husband in the laboratory, knows how to adorn, was 
the best repast.’’ 

Eleven years after the death of her husband Madame Lavoisier 
married (in 1805) Count Eumford. She died in February, 1836, 
at the age of seventy-eight years. 

Two characteristics of Lavoisier’s work appear in ail his 
published memoirs. He seems always to have in view some 
great and far-reaching principle, and is rarely interested in 
detached facts. The greater part of his experiments are quan¬ 
titative in method; that is to say, he is never tired of weighing 
and measuring. This is true of even his first communication to 
the Academy of Sciences in 1765, in which he describes his 
experiments on gypsum and explains the setting of plaster of 
Paris when mixed with water. But it is still more obvious in 
all those numerous researches which occupied many years, in 
which he investigated the nature and properties of air and water 
and was led to the complete establishment of those views of his 
which form the foimdation of a system of chemistry which 
lasted for more than half a century. 

In 1774 he published a volume under the title Opuscules 
Physiques et GMmiqms, the first part of which is devoted to an 
examination of the facts which had then been established relatively 
to the properties and effects of various kinds of air. And the 
first place is accorded to the work of Black on Fixed Air^ in which 
the Ediuburgh Professor demonstrated fully and conclusively 
the cause of the difference between chalk and quicklime, between 
common and calcined magnesia and between caustic alkali and 
mild alkali. In all these cases Black had shown that the caustic 
character of the substance was removed by combination with the 
gas wMch we now call carbon dioxide, or carbonic acid, and that 
tMs kind of air could be transferred from mild alkali to quick¬ 
lime or from magnesia alba to quicklime, and that it was set free 
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again either by tlie action of heat or of acids. That this discovery 
was considered to be of great importance by Lavoisier is shown 
by the expressions he used when sending to Dr. Black a copy of 
his Opuscules, He says, in writing to Edinburgh: Vous 
avez le bonheur de posseder parmi vons le scavant Mons. 
Black qui le premier a renni en un corps de doctrine 1 e phenomene 
de la fixation de Fair dans les corps.'" And it is even 
probable that Lavoisier's subsequent discoveries were due 
to the meditations inspired by the knowledge of Black’s 
results, for fifteen years later, sending to him a copy of his Traite 
de Chimie he writes : '' Vous y trouverez une partie des idees 
dont vous avez jete les premiers germes.” The volume of 
Opuscules also contains a historical account of the fact established 
almost a century previously by Eey, Robert Boyle and others, 
that metals when calcined increase in weight. It also describes 
Priestley’s work published in 1771 on difierent kinds of air. 
These included fixed air produced by fermentation or effer¬ 
vescence, common air in which candles or sulphur had been made 
to burn, inflammable air produced by dissolving metals, es¬ 
pecially iron and zinc, in vitriolic acid diluted with water, or by 
heating vegetable substances or coal in an iron pipe. Here, of 
course, Priestley confused together several distinct substances 
which agreed only in the one property of inflammabihty. 

The second part of Lavoisier’s Opuscules contains an account 
of his own experiments, and is entitled Nouvelles Recherches sur 
VExistence d'un jiuide Mastique fixe dam qudques Substances^ 
et sur les pheTiO'/nenes qui resyltent de son degagenient ou de sa 
fixation. This volume represents the only accomplished portion 
of a project which the author had formed in 1773. It was not 
followed by any further volumes of the same character, and it 
was not till 1789 that Lavoisier brought out his famous Traite 
Elementaire de CTiimie in which his new theory was set forth in 
systematic order. 

One of the earliest investigations undertaken by Lavoisier 
related to the current belief in the transformation of water into 
earth. And his procedure in this case may serve as a good ex¬ 
ample of the method employed in many of his res^rehes. Placing 
water in a glass vessel, called a pelican from its general resem¬ 
blance to the bird of that name, and applying heat to the lower 
part, the vapour of water rising into the upper part of the 
was condensed and flowed back into the body of the vessel. 



68 


FAMOUS CHEMISTS 


Heat was thus applied niglit and day for more than three months. 
At the end of that time the weight of the pelican, ha\dng been 
ascertained carefully before the experiment, was found to have 
diminished. On the other hand the water being evaporated to 
dryness left an earthy residue the weight of which corresponded 
exactly to the loss of weight from the glass. Consequently, 
concluded Lavoisier, water is not changed into earth, but by 
prolonged boiling it attacks the glass and dissolves a little of it. 
By such a simple process was the illusion which pre^dously beset 
chemists at once dispersed. The principle of the method was 
the judicious use of the balance, and possibly had this instrument 
found more frequent use among his predecessors some of the 
discoveries which were reserved for Lavoisier w^ould have been 
earlier revealed to the world. 

Of his contemporaries Black alone systematically made use 
of the balance, and the important facts he established sufficiently 
testify to the success which in his hands attends the careful 
observation of weight in studying chemical change. 

At this time it must be remembered that practically everyone 
employed the theory of phlogiston, with little variation except 
the temporary hypothesis as to a supposed principle of causticity 
called aciium fingue. The question soon arose in Lavoisier’s 
mind whether the facts observed by himself and others in regard 
to the reduction of metallic calces by charcoal could be explained 
by the doctrine of phlogiston. As he says at the end of one of 
his chapters, time and experience alone will serve to settle 
opinions on this question. But before reaching the end of the 
volume it is obvious that Lavoisier had established facts enough 
to justify the rejection of the idea that when a metal is heated 
and converted into its calx anything material is lost in the 
operation. On the contrary, he showed that not only do these 
svbstances increase in weight in the process, but that the air 
diminishes in amount when the experiment is made in a jar or 
other closed vessel, and that this diminution is practically pro- 
portional to the increase in weight of the metaL 

Further he showed that there is a limit to the capacity of the 
air in allowing the calculation of a metal heated in it to proceed, 
and he concludes that the air we breathe consists of two in¬ 
gredients, one of which combines with the calcined metal and 
the other does not so combine. 

In a note to this chapter he states that Priestley appeared 
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not to have suspected that the process of calcination was attended 
by an absorption or fixation of the elastic fluid. 

In 1772 Lavoisier deposited with the Academy a sealed note 
in which he announced the discovery that sulphur and phosphorus 
in burning increase in weight, and his conjecture that the 
increase of weight observed in calcining metals is due to the same 
cause. He also showed later that phosphorus burned in a 
limited supply of air uses up only a portion of such air and that 
the remainder is incapable of allowing phosphorus to burn in it, 
though strongly heated. Also that this residual air, which con¬ 
sists mainly of what he afterwards called azote, extinguishes the 
flame of a candle like fixed air but that it is lighter than fixed air. 

Such was the position when, on August 1, 1774. Priestley 
obtained oxygen for the first time by Hs famous experiment 
in which red precipitate of mercury was heated by the rays 
of the sun concentrated by a large glass lens. In October of 
this year he was in Paris and gave to Lavoisier and his friends 
an account of the remarkable property of this new air in sustain¬ 
ing the flame of a candle, to which air in accordance with his 
phlogistic ideas he gave the name "" dephlogisticated air,” that 
is, air deprived of phlogiston. A month later this experiment 
was repeated by Lavoisier, and together with a com¬ 
plete account of the properties of the gas was published 
in the Mernoires of the Academy of Sciences for 1775 under 
the following significant title. Memoire sur la Nature &a 
Princijpe qui se coynbine avec les metaux fendant leur calcination 
et qui en aitgmente le foids. It is not necessary to revive the now 
extinct controversy as to whether the discovery of oxygen was 
made independently by Lavoisier, because the most eminent 
French chemists have long since agreed that the isolation of this 
element was undoubtedly first accomplished by Priestley. In¬ 
deed so much seems to have been admitted by Lavoisier himself, 
as in a passage of his Memoir on Nitric Acid he says: Une 
partie des experiences contenues dans ce memoire ne m'ap- 
partiennent point en propre; peut-etre meme, rigoureusement 
parlant n’en est il aucune dont M. Priestley ne puisse reclamer la 
premiere idee: mais comme les memes faits nous ont conduits 
a des consequences diametralement opposees, j’espereque, si on 
me reproche d’avoir emprunte des preuves des ouvrages de ce 
celebre physicien, on ne me contestera pas au moins la pro- 
priete des consequences,” 
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But after a careful study of the papers written by Lavoisier 
himself it will be clear to the reader that he was already on the 
track of this important discovery when he met Priestley, and 
whether he received from the English philosopher any useful 
information or not he immediately perceived the significance of 
the discovery: and the considerations which led him to heat 
m&rcwrius calcinatus (red oxide of mercury) by itself (and which 
are set forth in the memoir referred to above) are more creditable 
to his judgment and perspicacity than are those vhich influenced 
Priestley. For the latter declares that at the commencement of 
his experiments he ” was so far from having formed any 
hypothesis that led to the discoveries he made in pursuing them 
that they would have appeared very improbable to him had he 
been told of them.’" 

Lavoisier, on the other hand, seems to have been led forward 
step by step, to examine not only the products of the action 
of heat on various substances in the presence of air, but to 
have studied the properties of the residual air and to have con¬ 
nected by quantitative measurenients the one with the other. 
Thus, as he says, the metallic calces are reduced to the state of 
metal for the most part only when heated in contact with some 
carbonaceous matter or with some substance, which contains 
what was called phlogiston. And before heating the marcunus 
cahinatits alone he assured himself that when heated with char¬ 
coal it behaved like other metallic calces and gave oS the same kind 
of fixed air as the rest. As it was already hiown to be volatilis- 
able when heated it now only remained to find out whether, when 
heated without addition of any other substance, it gave forth any 
kind of elastic fluid, and to find out the properties of the same. 
This is what Lavoisier did in November, 1774, and repeated with 
various precautions in the laboratory of his friend Trudaine at 
Montigny, 

With regard to the constitution of water, all the world attri¬ 
butes the discovery of the facts to Cavendish. But the credit of 
the explanation is ascribed also universally, and justly, to 
Lavoisier. 

Combustion, then, was explained by La voisier as a process of 
combination with oxygen; the formation of the calces of metals 
and the production of acids were equally attributed to the entry 
of oxygen into chemical combination with a metal or a non- 
metal, and similarly the processes of acetification, the nature of 
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tlie vegetable acids and tie changes in the process of respiration 
were all explained by the action of this principle drawn from 
atmospheric air. The doctrine of Phlogiston was no more. 

Reference has been made to the sealed note deposited with 
the Academy in 1772. Twenty years later, after the long series 
of researches in which he finally established his own antiphlogistic 
views, Lavoisier formed the project of making a collection ot his 
memoirs for publication. But this project was never carried 
into effect, for the publication was interrupted by his arrest and 
condemnation; but among his papers was found and printed after 
his death a sort of introductory essay in which the history of the 
questions which had so long been debated is set forth. The 
concluding paragraphs of this essay deserve to be quoted in full, 
as giving not only Lavoisier’s own opinion of his claim to re¬ 
cognition but as showing concisely and clearly what has long 
been admitted by the scientific world. He says : 

“ En rapprochant cette premise notice de celle ^que j’aTOis 
deposle a I’Academie, a sa seance publique de Paques 1773, 
enfin de ceux que j’ai successivement publics, il est aise de voir 
que j’avais con§u, des 1772, tout I’ensemble du systems que j ai 
publi4 depuis sur la combustion. 

“ Cette theorie, a laquelle j’ai donn6 de nombreux developpe- 
ments, en 1777, et que j’ai port4e, presque d4s cette 4poque, 
a I’etat on elle est aujourdhui, n’a commencee a 4tre enseignee 
par Pourcrov que dans I’hiver de 1786 a 1/87; elle na ete 
adoptee par Guyton-Morveau qu’a une epoque posterieure; 
enfin, en 1785 Berthollet ecrivait encore dans le syst&ne du 
phloristique. Cette theorie n’est done pas, comme je I’entends 
fee, la th4orie des cHmistes frangais, elle est la mienm et e’est 
ime propriety que je r4clame aupres de mes contemporains et de 
la posterit4. D’autres, sans doute, y ont ajoute de nouveaux 
degr4s de perfection, mais on nepourra pas me contester, j espere, 
toute la theorie de I’oxydation et de la combustion ; I’analyse et 
la decomposition de Pair par les metaux, et les corps comb^- 
tibiles; la th4orie de I’acidification; des connaissances plus 
exactes sur nn grand nombre d’acides, notaxnment des acides 
vevetaux; les premieres id4es de la composition des pbstance 
v4»4tales et animales; la th4orie de la respiration a laquelle 
S4fein a conconm avec moi. Ge recueil presentera 
pilces sur lesquelles je me fonde, avec leur date; le lecteux 
jugera.” 
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In tlie meantime, however, Lavoisier produced in 1789 his 
famous Traits Elem. de Chmiie^ and the exposition of principles 
there set forth is so clear, so logical and, with a few trilling ex¬ 
ceptions, so fully verified by the work of later times as to leave 
no room for any sentiment but those of admiration for the genius 
of the author. 

The substitution of Lavoisier’s theory of chemical action for 
the phlogistic theory of Stahl naturally led to a complete revision 
of the language of chemistry, and the conception of a new 
system of nomenclature. The name oxygen, la principe oxigine, 
to give it the form originally used by Lavoisier, has long been 
familiar, but we owe to Lavoisier, associated with de Morveau, 
with Berthollet and with Eourcroy, all of whom became ulti¬ 
mately convinced of the truth of his theories, the system of 
names which has almost without modification been in use 
ever since. Thus they taught the use of the words oxide, 
sulphide, phosphide for the compounds of the elements oxygen, 
sulphur, phosphorus. The names of elements are designed to 
recall the most characteristic properties of each substance without 
involving the adoption of any theory, and so we get oxygen the 
producer of acids, hydrogen the producer of water, azote the gas 
which forms the irrespirable portion of air. Among acids we 
have changes of termination to indicate the proportions of the 
acidifying principle, as, for example, sulphuric acid and sul¬ 
phurous acid, nitric acid and nitrous acid, etc. Similarly the 
salts of these acids were named sulphates and sulphites, nitrates 
and nitrites, and so forth. 

To Lavoisier also we owe the invention of the wmrd caloric ” 
for the agent which is the cause of heat, then and long afterwards 
supposed to be a subtle fluid substance. 

A very important line of research was that undertaken by 
Lavoisier in association with Laplace, the famous mathe¬ 
matician and physicist, in the measurement of the heat given 
out in various chemical changes by means of the ice calorimeter 
invented by Laplace. Another series of researches undertaken 
by Lavoisier with the assistance of Seguin, then a young man, 
demonstrated the production of animal heat in respiration and 
the evolution of carbon dioxide. The arrangements in the 
laboratory are shown in two drawings made by Madame 
Lavoisier. 

One other important departure along a new road is 
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represented by Lavoisier’s successful attempts to ascertain the 
composition of organic substances. This he did by applying 
the facts already discovered as to the products of the burning of 
carbon and hydrogen in air ; and recognising that in the com¬ 
bustion of spirit of wine, of oils, of sugar and other substances in 
air, carbon dioxide and water are formed, he arranged an ap- 
paratii^ in which weighed quantities of such substances could be 
burned and the products collected and weighed, and from their 
weight the quantities of carbon and hydrogen in the original 
substance calculated. This principle is the basis of the modem 
process of combustion introduced by Liebig fifty years after 
Lavoisier’s time. 

Lavoisier’s services to the State deserve more than a passing 
mention, but for details the reader must be referred to the work 
of Grimaux {Lavoisier, 1743-1794. Paris, 1888). His work 
in connection with the Ferme has already been referred to, but 
in 1775 the Regie des Poudres gave him another set of duties which 
absorbed much time and attention. In 1785 he became a 
member and soon afterwards secretary of the Committee of 
Agricnltnre, and in 1787 he was chosen as a member of the 
Assernblee de VOrleanais, a sort of County Council empowered to 
regulate the local taxes. This gave Lavoisier an oppor¬ 
tunity of attempting, though unsuccessfully, to relieve the 
peasantry of the unjust and oppressive corvee which compelled 
the inhabitants of the country to make and maintain the roads 
and to supply the means of transport in horses and vehicles. 

In 1791 a commission was appointed for the purpose of 
contriving a new and uniform system of weights and measures 
to supersede the scandalous diversity which prevailed not only 
in every province but in almost every parish in the kingdom. 
The metric system was accordingly devised, and the National 
Assembly having voted a considerable sum of money to defray 
expenses, Lavoisier was appointed treasurer. The preparation 
of the necessary instruments occupied some time, and work was 
not commenced till 1792. In the meantime the fate of the 
Academy of Sciences, of which Lavoisier was also treasurer, was 
being gradually determined by the forces operating as the result 
of the Revolution. Meetings continued to be held, but though 
Lavoisier took an active part in all the proceedings, his own 
researches in the laboratory were necessarily interrupted. 
DurLxg the year 1793, however, the academies and learned 
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societies, legacies of the monarchical regime, were crumbling to 
pieces one after another. 

The king had suffered death on January 21, 1793. The 
payments to the academicians, to which many of them looked as 
their sole means of support, were interrupted, and on August 8th 
the Convention decreed the suppression of all learned societies, 
including the Academy. This catastrophe was hastened on by 
the manoeuvres in the Convention of the chemist Fourcroy. The 
son of a ^Jiarmacien^ he had been since 1784 professor of chemistry 
at the Jardin des Plantes, and in 1785 was elected a member of 
the Academy of Sciences, from which he had applied for assistance 
in some of his researches. Apparently disappointment and 
perhaps jealousy of Lavoisier animated this man with a de¬ 
termination to effect the destruction of the Academy. In 
September a new commission of weights and measures was 
appointed to supersede the control by the Academy. Lavoisier 
throughout all these dark days had exerted himself by every 
means in defence of the Academy and the interests of Science. 
But now the clouds were descending on his own head and he 
found hi m self among those suspected of '' incivism ” and subject 
to domiciliary visits. Nevertheless his efforts did not relax, and 
the two months of liberty still remaining to him were devoted to 
carrying on the great work begun by the Academy. Nor was he 
occupied only with the scientific work of the commission of 
weights and measures. The organisation of public instruction 
had been entrusted to him by the Bureau de Consultation des 
Arts ei Metiers, established in 1791, and the whole scheme was 
framed by Lavoisier, who took part in all the meetings of the 
bureau up to the day of his arrest, on November 28,1793, the 
very day on which he was elected President. 

Meantime the enemies of Lavoisier were at work. Marat, 
at the commencement of his career, had hoped to make a name 
for himself in connection with physical science, and could not 
forget the contempt which had been poured on his pretensions 
to a theory of fire in 1780. Accordingly he could not now 
refrain from displaying his animosity in violent denunciations of 
the most eminent of the academicians. Lavoisier was, however, 
the mark against which his vengeance was specially concentrated, 
Fourcroy, the chemist, himself a former academician, having 
alr^dy succeeded in overthrowing the Academy, now did not 
hesitate to attack its most illustrious member as a counter 
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revolutionaTy. It was this same Foiircroy who pronounced the 
eloge of Lavoisier in the course of the theatrical obsequies in¬ 
tended to do honour to his memory the year after his death. 
In the history of science a more despicable character is scarcely 
to be found. 

The condemnation of th% fermiers ghiercmx was now hurried 
on. They were lodged in the Port-libre prison and were required 
immediately to render account of the financial operations of the 
Ferme. Lavoisier and his father-in-law Paulze were among 
the prisoners. The former occupied himself with preparing his 
scientific papers for the press, while his wife exerted herself in 
every direction in search of help. Lavoisier begged her to take 
care of her health and not to exhaust herself in useless efforts. 
The only privilege accorded her was to visit her husband in the 
prison. A letter written to his wife on December 19, 1793, 
shows the anxiety only half expressed which filled his mind: 

Tu te donnes, ma bonne amie. bien de la peine, bien de la 
fatigue de corps et d’esprit, et moi je ne puis la paitager. Prends 
garde que ta sante ne s^altere, ce seroit le plus grand des mal- 
heurs. Ma carriere est avancee, jV ai joui d’une existence 
heureuse depuis que ie me connois, tu y as contribue et tu y 
contribues tous les jours par les marques d’attachement que tu 
me donnes; enfin je laisserai toujouxs apres moi des souvenirs 
d’estime et de consideration. Ainsy ma tache est remplie, mais 
toi qui as encore droit d’esp&er une longue carriere, ne la pro¬ 
digue pas. J'ay era m‘apercevoir hier que tr etais triste ; 
pourquoi le serois-tu puisque je suis resigne tout et que je 
regarderai comme gagne tout ce que je ne perdrai pas. D’ailleuxs 
nous ne sommes pas sans esperance de nous lejoindxe, et en 
attendant, tes visites me font encore passer de doux instans.” 

Petitions from the commi^ion of weights and measures and 
from the Committee on coinage for permission to Lavoisier to 
continue work in his laboratorv were ineffectual, and soon after- 
wards the twenty-seven fermiers generavxc were transferred to 
the hotel of the Ferme converted into a prison. Further efforts 
to save Lavoisier were vain; the terrorists having complete 
mastery of the Convention, accusations multiplied and defence 
became impotent. The unhappy prisoners were accused not 
only of plotting with the eneinies of France, and of illegal 
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exactions imposed on their fellow-citizens, but of mixing water 
with their tobacco and other ingredients hurtful to 
health. 

Brought before CoflGmhal, vice-president of the revolutionary 
tribunal, the prisoners were speedily and unanimously declared 
guilty by the jury. A defence put forward in the name of the 
bureau de consultation was put aside and it was probably then 
that Coffinhal pronounced the words, La Eepublique n’a pas 
besoin de savans, il faut que la justice suive son cours.” 

The prisoners were taken back to the Conciergerie, and in a 
few hours the tumbrils were on their way to the Place de la 
Revolution. They were executed in the order in which their 
names stood on the act of indictment. Lavoisier, after seeing 
the end of his friend and father-in-law, Paulze, was the fourth 
to fall beneath the axe. Well might Lagrange say afterwards to 
Delambre: '' A moment was all that was necessary in which to 
strike off this head, and probably a hundred years will not be 
sufficient to produce another like it.” 

The world has seen many revolutions since that day, and 
other revolutions will arise so long as injustice and oppression 
continue to be imposed by the few on the many. In these cases 
civilisation and all progress are delayed, and brute forces gain 
an ascendancy which leads to acts like those which disfigured the 
establishment of the first French Republic. England in per¬ 
mitting the persecution of Priestley by mob violence came very 
near a crime as great as the destruction of Lavoisier. In both 
countries these atrocious acts were followed by a revulsion of 
feehng, but too late to be of use to the victims concerned, for the 
one was dead and the other driven to end his days in a distant 
land. 

One hundred and twenty-five years have elapsed since 
Lavoisier's death, and in the course of this long interval, by suc¬ 
cessive steps involving, beside the leadership of genius, the 
laborious experiments, calculation and reflection of thousands of 
men, chemistry has become one of the most complete and scientific 
branches of human knowledge. That position has been attained 
only by the consistent adoption of a principle enunciated by 
Lavoisier in his Traite Elementaire (p. 52, (Euvres): ‘"IL n’est 
jamais permis, en physique et en chimie, de supposer ce qu’on 
pent determimr par des experiences directes.” It is this constant 
appeal to fact that renders the position of systematic chemistry 
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unassailable. This does not, of course, preclude the use ot 
hvpothesis and what has been called the scientific use of the 
imagination, nor does it enable the most cautious thinkers to 
escape altogether the mistakes which arise from the temptation 
to enlarge even justifiable hypotheses. Lavoisier iumselt fell 
into one^error of this kind when he was led to devise the name 
oxygen under the mistaken impression that this element enters 
into the composition of all acids without exception. Having 
adopted the definition of the word element, a definition origmally 
given by Eobert Boyle, as in chemistry meaning a simple^body, 
the last product of analysis, Lavoisier showed that such bodies 
were capable of uniting*^ in pairs to form compounds which in 
their turn were capable of combining togetner to form groups^ of 
a second order, and so a binary system was conceived oy wrdch 
for upwards of half a century the greater part oi chemical 
phenomena were explained. 



iBtonp IV 

ELECTRICITY IN THE SERVICE OF 
CHEMISTRY 

Davy ( 1778-1829) 

CHAPTER VII 

DAVY 

The end of the eighteenth century brought as great a change in 
the history of physical science as the French Eevolution in rela¬ 
tion to European afiairs. The doctrine of phlogiston which had 
so long beclouded the views of chemists was completely dis¬ 
sipated by the new and clear teaching of Lavoisier, and the 
nomenclature of the new system with the names of the gases 
oxygen, hydrogen, azote, etc., was beginning to be familiar. 
Another great step in advance was nearly coincident with the 
beginning of the new century, for by that time the discoveries of 
Galvani and Volta were becoming familiar throughout the 
scientific world and the various forms of battery which suc¬ 
ceeded the Voltaic Pile placed in the hands of experimenters a 
new and important instrument. With the writings of Black 
(1728-1799), of Cavendish (1731-1810), of Priestley (1733-1804) 
and of Scheele (1742-1786), the phraseology of the phlogistic period 
disappears. For although in the earlier papers of Lavoisier 
himself (1743-1794) the language of that system is necessarily 
used to some extent, the production of his Traite de Chimie 
Elementaire in 1790 marks the final rejection of the old and 
adoption generally of the new order of things. With the new cen¬ 
tury began the career of one of the most attractive personalities 
and, among men of science, universally acknowledged geniuses, 
Humphry Davy. He has had many historians, for his immense 
popularity led to a kmd of competition among biographers soon 
after his death. The two most famous lives of Davy are those 
by his brother, Dr. John Davy, and Dr. J. A. Paris. The former 
was written while on foreign service in Malta in 1832, but not 
published till three years later. The Life by Dr. Paris appeared 
in 1831 first in the form of detached sketches communicated to 
the weekly journal, the S^pectator, The more complete biography 
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seems to have been undertaken with the consent of Lady 
Davy, though it could hardly have been with her approval, as 
it was already understood that the same task was contemplated 
by Dr. Davy. The consequence of this misunderstanding is that 
the world is supplied with the history of the same life from two 
points of view, very difierent in sentiment and in execution, and of 
which it may be said that the one was unnecessary and is in some 
respects inaccurate. To Dr. Davy’s work one would naturally 
turn for information as being authentic, and though possibly 
prejudiced by brotherly afiection, he gives a picture which has 
commended itself to successive generations by its manifest 
candour and directness. As to its completeness, it may be 
inferred that nothing of importance would be neglected or 
omitted which was known to the writer, who had all the materials 
in his hands and who wrote of his brother as one who had acted 
the part of a father to me, whom I regarded as a brother, a 
teacher and most kmd friend, and to whom I necessarily owed 
very much of what I most valued in life.” 

Humphry Davy was the son of Robert Davy and Grace 
Millet, his \^e, and was born on December 17, 1778, in a house 
in Market Jew Street, Penzance. The family on both sides had 
been resident in the neighbourhood for some two hundred years 
and were small landowners. Robert Davy, the eldest son of 
Edmund Davy, a respectable builder, was brought up in the 
house of a great-uncle Robert, who died in 1774. Robert, having 
a great fondness for wood-carving, was allowed to go to London 
to obtain instruction, and became very proficient in the art. 
After his uncle’s death, however, he did not permanently pursue 
the carving business, but after his marriage in 1776 he was 
occupied cMefly in farming a small property, called Varfell, in the 
parish of Ludgvan near Penzance, where he died in 1794. His 
widow was left in her thirty-fourth year with five children, of 
whom Humphry, the eldest, was then sixteen years of age. There 
were three daughters and the son John, who was born in 1790, 
and became his brother’s biographer. In the early years of her 
widowhood !Mrs. Davy’s income was too small to enable her to 
educate and sustain her childr^, and she joined in a millinery 
business for three or four years till a small estate unexpectedly 
came into her possession and increased her income to about £3(^ 
a year. 

The condition of society in Cornwall toward the end of the 
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eighteenth century was such as may be imagined when it is 
remembered that at that period Cornwall was still without great 
roads, and carriages were almost unknown. The usual mode of 
travelling was on horseback, and merchandise and news reached 
this far-away county by the same agency. Many of the Cornish 
people lived by smuggling, an occupation associated commonly 
with drunkenness and immorality. The demand and provision 
for education was narrowly limited, and the lower classes were 
extremely ignorant and superstitious. Davy’s experiences at 
school were similar to those of other boys of his time, and he 
does not seem to have distinguished himself in the eyes of the 
schoolmaster* He was sent first to a ]\Ir. Bushell, an old man 
who taught only reading and writing, but on the recommendation 
of this master he was removed at six years of age to the Grammar 
School. 

The master of the Grammar School, the Eev. hlr. Coryton, was 
a man of irregular habits, and ill fitted for the office of teacher, 
generally indulgent as to the boys’ work, but occasionally pun¬ 
ishing slight offences with severity. He was addicted to pulling 
the boys’ ears, and Davy, having suffered a good deal from this 
practice, appeared one day with a large plaster on each ear. 
When asked by the master what was the matter, he replied with 
a grave face that he had ‘^put the plasters on to prevent a 
mortification.” 

Years afterwards, in a letter to his mother, he remarked: 
“ After all, the way in which we are taught Latin and Greek does 
not much influence the important structure of our minds. I 
consider it fortunate that I was left much to myself when a child 
and put upon no particular plan of study, and that I enjoyed 
much idleness at Mr. Coryton’s school. I perhaps owe to these 
circumstances the little talents that I have and their peculiar 
application. What I am I have made myself; I say this without 
vanity and in pure simplicity of heart.” 

At the age of fourteen he was removed to Dr. Cardew’s school 
at Truro, where he remained during the year 1793. His school 
education was then considered complete, and on his return to 
Penzance he took up his abode with Mr. John Tonkin, a kind 
friend of the family, by whom he had been in a manner 
adopted and who had defrayed his expenses during the twelve 
months at Truro. 

The greater part of the following year seems to have been 
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somewhat unsettled, and much time was given to fishing, shoot¬ 
ing and aimless rambling. He began taking lessons in French 
with a refugee, M. Dugart. who was living in Penzance, but at the 
end of the year 1794 his father died and the event seems to have 
had the effect of settling his mind. In the beginning of 1795 he 
was apprenticed to Mr. Bingham Borlase, a surgeon and apothe¬ 
cary in Penzance, a man superior both in professional and 
general attainments to the maj ority of county practition ers. Davy 
received instruction probably as good as was possible in his day 
in the art and practice of his profession, but the note-books of 
the young student which have been preserved show that the plan 
of study he contemplated was conceived in the broadest spirit 
indicative of a mental activity far beyond the range which 
would be expected of a boy so young. 

The earliest of the note-books, bearing the date 1795. contains 
the following scheme of study: 

1. Theology. 

Or Religion ) j taught by Nature 

Ethics or moral virtues j ( by Revelation. 

2. Geography. 

3. My Profession, 

1 . Botany. 

2. Pharmacy. 

3. Nosology. 

4. Anatomy, 

5. Surgery. 

6 . Chemistry. 

4. Logic. 

6 . Physics. 

1 . The doctrines and properties of natural bodies^ 

2 . Of the operations of nature. 

3 . Of the doctrines of fluids. 

4 . Of the properties of organised matter. 

5 . Of the organisation of matter. 

6 . Simple astronomy. 

7. Mechanics. 9. History and Chronology. 

8 . Rhetoric and Oratory. 10 . Mathematics. 

G 


6 . Language. 

1 . English. 

2. French. 

3. Latin. 

4. Greek. 

5. Italian. 

6 . Spanish, 

7. Hebrew. 
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Amid all this wide and discursive reading, which extended 
into history, poetry and the great dramatists, there was much 
writing of essays in which his own ideas are set forth and frequent 
outbursts in verse expressive of his own enjoyment and interest 
in the scenes of natural beauty found so abundantly in the 
country in which his boyhood was spent. From a child he had 
the reputation of being a rhymester, and when at school his best 
exercises were said to be translations from the classics into 
English verse, while his schoolfellows frequently resorted to him 
for help in the composition of their valentines and love-letters. 
In course of time some of his verses found publication in the 
Annual Anthology^ and several poems at this early date justly 
entitle him to the epithet Poet and Philosopher, which one of his 
later biographers ^ has associated with his name. His first 
printed production bears the title The Sons of Genius, and is 
dated 1795. These and others of his poems breathe the joy which 
he always felt in scenes of natural beauty, and in his early years 
the view before him of Mounts Bay was a frequent source of 
inspiration. EEs travels in later life in other countries—^Prance, 
Switzerland, Italy and the Tyrol—^furnished themes of which he 
frequently made poetical use. Space, however, will not permit 
the introduction here of more than one or two examples of his 
verse in later years, and the reader interested in tracing the 
combination of poetry and philosophy in the mind of a great man 
of science will do well to read John Davy’s Life of his brother, full 
as it is of charm on many sides; for it must be remembered that 
Davy was not only a chemist but a poet, not only a philosopher 
but a sportsman and a man of the world. 

ASBBURNHAM PLACE, 

Janxtaby 22, 1823 

Is this a time for minstrelsy. 

When nature rests in deathlike sleep 
And roots and buds and herbage lie 
Embalmed in icy cerements deep ? 

When scarce a stream is heard to flow 
And scarce the distant woods appear, 

So widely spreads the drifted snow. 

The mantle of the new-born year ? 

^ HumpJirif Dmy, Poet and Philosopher, by Sir Edward Thorpe, P.RiS? 
The “ Century Science ” Series (Cassells. 1896). 
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Wien the mid songsters of the grove 
Shivering around the mansion fly 
Without a single note of love: 

Is this a time for minsteelsy ? 

It is a time for minstrel^ * 

For still the laurel blooms around 
And bay, and Fancy’s dreaming eye 
Can see through mists the fairy ground. 


And bin and dale and woodlands green. 

And lakes which pastoral meads surround 
The distant ocean and a scene 
At home where blossonm rise around. 


And nature gains from art new powers. 
Charms that in happy union meet. 
Where wild and cultiTated flowers 
Together blend their odours sweet. 


It a time for minstrelsy. 

For round these waDs what magic forms 
Appear in grace and harmony! 

The pencil of the artist warms 


The coldest scen^ and powers sublime, 
Awakening moral forms of things, 
And new creations steal from Time 
TBs scythe, and close his wings. 

It is an hour for minstrelsy ! 

For social converse wakes the mind 
To pure and happy sympathy; 

And el^ance and taste refined 


Call to the hospitable board 
The force of reason and the flow 
Of memory with wisdom stored 
Which might awake a grateful glow 


In Fancy e’en though checked by age; 

Make sunshine in the darkest day. 
And kindle in the coldest sage 
Some strain of vocal minstrelsy. 
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ON THE FALL OF THE TRAUN 
July 25, 1827 

From the high rock thy lovely waters burst 
As if a new creation from the wand 
Of Israel’s mighty prophet, sprung to life 
To save his people! But the dreamy thought 
Of that most blessed, tho’ but scanty riU 
Gives but faint image of thy might and power 
And awful force and fulness; as if a spirit 
Imprisoned by magic art and now released 
Thou thunderest on, determined to destroy; 

And thy mild functions to produce and cheer 
Are changed for attributes more terrible, 

Saddening, destructive, wildly carrying on 
Rocks, trees, before thee, e’en the mighty pine 
Rending the mountain, through a new-torn vale 
Opening thyself a passage to the plain. 

But in thy wayward and most perilous leaps 
Thou stiH art pure, and still might image well 
The innate mind of poet or of sage. 

In thy bright azure depths, and when thy foam 
Sinks into quietness, I seem to view 
That season of our life when pleasure fades 
And sober reason with its heavenly light 
Fins the cool deep of th’ unimpassioned mind 
Escaped from turbulent and fretful youth. 

Its troubles, passions, bubbles, noise and foam 
Which are well imaged in the falling stream. 

E’en as I look upon thy mighty flood 
Absorbed in thought, it seems that I become 
A part of thee, and in thy thundering waves 
My thoughts are lost, and pass to future time 
Seeking the infinite, and rolling on 
Towards the sea eternal and unbounded 
Of the aU-powerful, omnipresent mind ! 

Davy’s note-books disclose the fact that he devoted prac¬ 
tically an entire year to the study of elementary mathematics, 
beginning with “ Fractions vulgar and decimal,” by which one 
is reminded how little did this subject enter into the old-fashioned 
school course, arithmetic being taught as an extra by the writing- 
master in some of the great public schools till long after Davy’s 
time. During the year 1797 his favourite exercise was meta¬ 
physics, and the notes show that he had made himself acquainted 
with the writings of Locke, Hartley, Bishop Berkeley, Hume, 
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Heivetius, Condorcet. Eeid and Ms followers, beside Kant and 
the transcendentalists: a rather extensive field for a philosopher 
in Ms nineteenth year. TMs year also he began seriously the 
study of natural pMlosophy, including chemistry. His early 
chemical reading was confined to two works of very different 
character, namely, Lavoisier’s ElemevvUiry GJmyiistry and Nichol¬ 
son’s Dictionary of Cimnistry, the one distinguished for its 
admirable precision both as to fact and argument, the other an 
indifferent collection of facts and opinions hastily thrown 
together. He soon began experiments with the aid of such homely 
apparatus as he found at hand and with the common materials, 
such as mineral acids and alkalis furnished by the surgery. He 
made extraordinary progress, at least in the active conceptions 
of Ms own mind, for after the short space of four months he was 
corresponding with Dr. Beddoes of Bristol on the subject of what 
he called Ms Researches on Heat and light. Unfortunately he 
was led to publish these essays a little later, but in the meantime 
they had the advantage of bringing Mm into communication with 
Dr. Beddoes, who conceived so Mgh an opinion of the author as 
to offer him, before he had completed Ms medical studies, the 
charge of the patients in Ms Pneumatic Institution at Clifton. 

During the last two years of Ms life at Penzance Davy had 
the advantage of the society of Gregory Watt, a son of the 
famous engineer, who came for the benefit of Ms health to the 
mild climate of Penzance and became a boarder in Mrs. Davy’s 
house. He was a well-educated young man a little older than 
Davy, and interested in subjects of the same kind. Acquaintance 
was formed at about the same time with Davies Giddy, after¬ 
wards Gilbert (Ms successor in the Chair of the Royal Society), a 
man older than himself and possessiag considerable scientific 
knowledge. Mr. Borlase seems to have conceived a Mgh estimate 
of Davy’s character, abilities and prospects, for he released Ms 
apprentice before the expiry of Ms indentures, on October 1, 
1798. On the following day Davy left Ms home and, not yet 
twenty years of age, entered on a public career wMch in less 
than ten years made him one of the most famous men in Europe, 

The Pneumatic Institution at Bristol, supported by sub¬ 
scription, was founded with the object of investigating the 
medicmal effects of the various gases which had been discovered 
or examined by chemists during the previous twenty years. 
Beddoes was described by Davy, in a letter to Ms mother, as 



86 


FAMOUS CHEMISTS 


one of the most original men I ever saw—^uncommonly short 
and fat, with little elegance of manners and nothing characteristic 
externally of genius or science; extremely silent, and, in a few 
words, a very bad companion.” 

The first undertaking by the young philosopher on his arrival 
at Clifton was the publication of a volume of essays, edited by 
Dr. Beddoes, which included an account of his own crude and 
inaccurate experiments on which he founded his theory of 
phosoxygen,” and the combinations of light. He was soon led 
to recognise the futility of theories erected on an insufficient 
foundation of fact, and probably the severe criticisms which he 
had, by undue haste, brought down on himself and his book had 
a salutary efiect which extended through after years, and may be 
recognised in various expressions occurring in the papers in which 
the great discoveries of his more mature years are recorded. 
For example, in one of his papers on chlorine he remarks : In 
the views that I have ventured to develope neither oxygen, 
chlorine nor fluorine are asserted to be elements; it is only 
asserted that, as yet, they have not been decomposed.” 

The first experimental enquiry undertaken at Clifton was the 
result of the observation that two pieces of cane rubbed together 
give out light, and that this phenomenon is connected with the 
presence of silica in the epidermis of grasses generally. Early 
in 1799, however, he was busy with the subject contemplated by 
the founders of the Institution, namely, the physiological efiects 
of the various gases. One of the first tried was nitrous oxide, 
and so remarkable were the effects observed on its inhalation 
that the experiments recorded were sufficient to compose a 
volume published the following year. Nearly everyone is now 
familiar with the effects of inhaling nitrous oxide as an anaesthetic, 
and it can easily be imagined with what surprise and excitement 
the effects were first experienced. A few experiments were 
first made with the gas obtainable with the aid of zinc and dilute 
nitric acid, but after the discovery that nitrous oxide can be 
obtained in a state of purity by the application of heat to nitrate 
of ammonia, Davy determined to inhale the undiluted gas. He 
says; “ I was aware of the danger of the experiment; it certainly 
never would have been made if the hypothesis of Dr. Mitchell 
had in the least influenced my mind.” The hypothesis referred 
to assumed that the gas was the principle of contagion when 
respired by animals in the minutest quantities.” This Davy 
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had proved by experiment to be groundless ; and the excitement 
and pleasurable sensations he experienced as a result of repeated 
experiments on himself led him to a characteristic efiusion in 
verse; 

Not in the ideal dreams of wild desire 
Have I beheld a rapture-wakening form: 

My bosom bums with no unhallowed fire. 

Yet is my cheek with rosy blushes warm ; 

Yet are my eyes with sparkling lustre fill’d; 

Yet is my mouth replete with murmuring sound ; 

Yet are my hmbs with inward transports fill’d 
And clad with new-born mightiness around.” 

He was led on by enthusiasm to more dangerous attempts to 
breathe marsh gas, carbonic acid gas, nitrogen, hydrogen and 
nitric oxide, from which he escaped with his life. 

Throughout this time, as indicated by his note-books, he was 
actively occupied with his pen. Schemes and minutes of ex¬ 
periments were mixed up with lines of poetry, fragments of 
stories and romances, metaphysical fragments and sketches of 
philosophical essays involving notions which were recalled and 
recorded in some of the writings of his later years. Everywhere 
he displayed an ardent sympathy with nature and delight in the 
beauty of the world, associated with a conviction that in¬ 
dividuality can never cease to exist; that ideal self which exists 
in dreams and reveries, that ideal self which never slumbers, 
is the child of immortality, and those deep intense feelings, which 
man sometimes perceives in the bosom of Nature and Deity, are 
presentiments of a more sublime and energetic state of existence.’’ 
As he remarks elsewhere, How different is the idea of life in a 
physiologist and a poet! ” 

A letter to his mother, dated January 31, 1801, explains 
itself and shows the nature of the prospect which then lay before 
him, and which determined the character of his whole career. 
The following is the letter: 

bear Mothee, 

“During the last three weeks I have been very much 
occupied by busiaess of a serious nature. This has prevented 
me from writing to you, to my Aunt and to Kitty. I now catch 
a few moments only of leisure to inform you that I am exceedingly 
well, and that I have had proposals of a very flattering nature to 
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induce me to leave the Pneumatic Institution for a permanent 
establishment in London. You have perhaps heard of the 
Eoyal Philosophical Institution, established by Count Rumford, 
and others of the aristocracy. It is a very splendid establish¬ 
ment, and wants only a combination of talents to make it 
eminently useful. 

Count Rumford has made proposals to me to settle myself 
there, with the present appointment of assistant-lecturer on 
chemistry and experimenter to the Institute ; but this only to 
prepare the way for my being in a short time sole professor of 
chemistry, etc.; an appointment as honourable as any scientific 
appointment in the kingdom, with an income of at least 500Z. 
a year. 

""I write to-day to get the specific terms of the present 
appointment, when I shall determine whether I shall accept of it 
or not. Dr. Beddoes has honourably absolved me from all 
engagements at the Pneumatic Institution provided I choose to 
quit it. However, I have views here which I am loath to leave, 
unless for very great advantages. 

You will all, I dare say, be glad to see me getting amongst 
the Boyalists, but I will accept of no appointment except upon 
the sacred terms of iTidependence. 

I am your most afiectionate son, 
^‘H. Davy.’’ 

Little more than a month later he took up his abode in 
London, and in the spring of 1801, six weeks after his arrival, he 
gave his first lecture. He was then twenty-three years of age. 
His subject was the history and phenomena of galvanism,” 
then a very new and almost unexplored region. The Royal 
Institution was to be the scene of his later discoveries, and those 
of his immortal successor Michael Faraday. 

Those who in the twentieth century have any experience of 
the evening lectures on Fridays at the Royal Institution cannot 
fail to have remarked the evidence of the scrupulous attention 
to detail in the preparations for the,lecture, the punctuality of 
the lecturer and the rarity of any failure in experimental illustra¬ 
tion ; but they may not be aware that the importance and interest 
attaching to these Friday evening discourses is chiefly due to the 
example set by Davy and sustained by the long series of illustrious 
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professors, Ms successors at the Royal Ihstitiition. Kox can 
it be forgotten that the brilliant audience usually assembled 
has never been drawn together merely under the influence of a 
fashionable whim, for it is no less true now than it was in 1801 
that the lecture theatre on these occasions is the habitual resort 
of many of the leaders in the scientific world. 

It was with Davy an almost invariable rule to rehearse his 
lecture in the presence of Ms assistants the day before ; this he 
did, not only with a view to the success of the experiments but 
also in regard to Ms own discourse. Dr. Davy records Ms 
recollection of the care with wMch his brother often repeated 
passages several times to study the eSect of giving emphasis to 
particular words or expressions, and the result was an impressive¬ 
ness wMch was the great charm of Ms oratory. 

Davy’s agreement with Count Rumford included the use of 
the laboratory and any apparatus required for new experiments, 
and on arriving in London he set to work immediately on some 
experiments already commenced in Bristol in connection with 
galvamsm,” and published in Nicholsoris Journal under the 
title An account of some experiments made with the Galvanic 
Apparatus of Signor Volta.” 

The interior of a chemical laboratory in Davy’s time was 
very different from what is to be seen in the present day. The 
laboratory at the Royal Institution was a large room well lighted 
£com above and well supplied with water. The apparatus most 
conspicuous and most in use were a sand-bath for chemical 
purposes and for heating the room, a powerful blast furnace, a 
movable iron forge with double bellows, a blow-pipe apparatus 
attached to a table with bellows beneath, a large mercurial 
trough and two or three water-troughs and various galvanic 
troughs. It must be remembered that the last-named apparatus 
was designed to hold acid or saline solutions in w^hich the copper 
and 2 dnc plates were immersed when the current was wanted. 
Balances, air-pumps and other instruments liable to be damaged 
by acid fumes were kept in another room. 

But Davy was not to be allowed to pursue Ms researches solely 
on lines laid down by Mmself. The Board of Managers were 
desirous of showing examples of the application of scientific 
principles to the arts, and accordingly the young professor was 
expected to give lectures on several subjects with which he could 
have no practical acquMntance. He seems, however, to have 
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tkroTOi himself quite readily into their plans, and in connection 
with the first subject proposed, namely, the art of tanning, he 
not only made experiments in the laboratory, but he visited 
tanyaids and cultivated the acquaintance of practical tanners. 
The results of his enquiries were collected in several papers 
published in the Journal of the Eoyal Institution and the Phi- 
losophical Transactions of the Royal Society in 1802-3. But he 
had hardly entered on his investigations in the tanyard than he 
was called on by the Board of Agriculture to give a course of 
lectures on the connection of chemistry with vegetable physiology. 
Here he was not enturely a novice, for apart from the fact that he 
had learnt a httle about practical farming from his father, he 
had given a good deal of attention to geology, and already in the 
Royal Institution itseh he had given many lectures on this 
branch of science to the members. His native country had long 
before offered an attractive field of enquiry in this direction, with 
its variety of surface and the mines with which it is penetrated, 
from which he procured fascinating assortments of minerals. 
The time was also full of inducements to aid in the development 
of improved practices in agriculture, for a succession of bad 
harvests and the closure of continental ports by reason of the war 
had threatened famine. Davy’s work brought him into contact 
with many important persons among land-owmers and agricul¬ 
turists, including the Duke of Bedford, who carried out ex¬ 
periments for him at Woburn, where trials have been systematic¬ 
ally pursued down to the present day. hir. Coke, of Holkham, 
Mr. Arthur Young and others were members of the Board of 
which Lord Carrington and Sir John Sinclair were successive 
Chairmen. The lectures were continued many years in suc¬ 
cession, and in 1813 were published in the form of a quarto 
volume, for the copjuight of which Davy received one thousand 
guineas with fifty guineas for each edition. It was certainly the 
most important treatise on agricultural science for nearly half a 
century till the subject was taken up again by Liebig. 

Meantime Davy had not lost sight of the important subject of 
electro-chemistry, to which his attention was attracted im¬ 
mediately on the publication of the discoveries of Volta and the 
accidental observation in 1800 of the decomposition of w^ater by 
means of the battery by Hicholson and Carlisle. A long series 
of experiments occupying several years was the result, and by 
1806 he was able to advance the hypothesis ‘‘ that chemical and 
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eled/rical Mractimi were produced, by the same cause^ acting in one 
case on 'particles^ in the other on masses.'^ But thougli tliis 
hypothesis was received with the most cordial approval by 
chemical authorities, Berzelius, the Swedish professor, among 
the number, Davy himseK never attached great importance to 
hypotheses. 

Pursuing his experiments, Davy was led to the discovery of 
the metallic elements potassium and sodium, and consequently 
the proof that the caustic alkalis, potash and soda, were no 
longer to be regarded as the simple or elementary substances 
they had hitherto been considered. Other methods of isolatmg 
these elements were afterwards devised by Gay-Lussac, but it is 
interesting to remember that the process of manufacture by 
which sodium is produced at the present day is essentially the 
same as that by which these elements were isolated in 1807-8, 
namely, by the electrolytic decomposition of caustic alkali in the 
fused state. This capital discovery at once placed Davy on the 
highest pinnacle of fame, and led to the further discovery that 
the alkaline earths, baryta, strontia and lime, like the alkalis, 
consist of oxides of metals possessing such remarkable characters 
that fox a time it was even questioned whether they should be 
regarded as metals. The Ikench chemists Gay-Lussac and 
Thenard regarded them as compounds of the alkalis with 
hydrogen, but this was never a view entertained by Davy. 
He was, however, not saved by his own researches from coming 
to an erroneous conclusion regarding ammonia, which he found 
to contain oxygen. In this case he was probably led astray in 
consequence of the general resemblance of ammonia in its com¬ 
binations and reactions to the fixed allmlis, and his anxiety to 
show that oxygen was an essential constituent of such substances 
in opposition to the doctrine of Lavoisier, which regarded oxygen 
as an acidifying principle. 

Towards the end of 1807 Davy was struck down by severe 
illness, which there can he little doubt was caused by the over- 
fatigue and excitement connected with his experimental labours 
and the resulting discoveries, acting on an ardent and enthusiastic 
nature. 

In illustration of this it was reported by Mr. Edmund Davy, 
his cousin and assistant, that when he saw the minute globules of 
potassium burst through the crust of potash and take fire he 
could not contain ids joy; he actually danced about the room in 
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ecstatic delight, and it was some time before lie was calm enough 
to continue the experiment. His illness lasted nine or ten weeks, 
and, needless to say, it excited the most anxious sympathy 
among his friends and among the members of the institution and 
the public. During his convalescence he turned characteristic¬ 
ally to the expression of his thoughts in verse, and completed a 
poem already begun, to which he now gave the heading: ‘ “ Written 
after recovery from a dangerous illness.'^ It is too long to quote 
entire, and a single verse of the eighteen of which it is composed 
would give an imperfect and erroneous impression of the beauty 
of the lines, which trace the course of human existence illustrated 
by such a life as his own, and are expressive of his own visions of 
immortality. 

BQs researches in the constitution of the alkalis and earths 
were communicated to the Royal Society in four successive 
Bakerian Lectures. 

He was next engaged in an enquiry almost equal in im¬ 
portance, namely, the true nature of the gas originally discovered 
by Scheele and called by him de^Mogisticated marine acid air, 
but later, in accordance with Lavoisier’s system, oxymuriatic 
acid. The question was whether this gas contained oxygen, as 
implied by the name. To determine this point Davy made the 
experiment of heating in the gas a variety of substances dis¬ 
tinguished for the readiness with which they combine with 
oxygen, such as potassium, and showing that the resulting 
compounds are not oxides. Carbon strongly ignited in the gas 
undergoes no change. At the conclusion of all his work he 
estabhshed the view ever since held concerning the nature of the 
gas as an elementary, or at any rate undecomposable substance, 
and he gave to it the name chloric gas or chlorine^ in reference to its 
colour, a name which implies no theory and would not require to 
be changed even if it were discovered hereafter to be a compound. 

Other researches relating to fluoric compounds did not 
enable Davy to isolate the peculiar element contained in them, 
but he succeeded in satisfying his mind as to its existence and its 
analogy with chlorine sufficiently to justify him in assigning to 
it the fluorine. 

The discovery of euehlorine, of hydrogen telluride and 
hydrogen phosphide, and several other compounds of greater or 
less interest and importance, followed about this time. The 
interest roused by his great discoveries of the alkali metals led 
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to the formation of a fund by which a great voltaic battery of 
2,000 plates was constructed for Hs use in 1809. With this 
battery he obtained some remarkable effects, among which was 
the production of a vivid light when charcoal points attached to 
the terminal wires of the battery were brought into contact and 
then slightly withdrawn from each other. It is especially 
interesting to us, accustomed to the use of electric light in various 
forms, to recollect that the arc was first beheld by the human eye 
in Davy’s lecture room at the Royal Institution. The effects 
were described by him in the following words : When pieces 
of charcoal about an inch long and one-sixth of an inch in 
diameter were brought near each other (within the thirtieth or 
fortieth part of an inch) a bright spark was produced, and more 
than half the volume of the charcoal became ignited to white¬ 
ness, and by withdrawing the points from each other a constant 
discharge took place through the heated air in a space equal at 
least to four inches, producing a most brilliant arch of light, broad 
and conical in form in the middle. . . . When the communication 
between the points positively and negatively electrified was 
made in air rarefied m the receiver of the air-pump, the distance 
at which the discharge took place increased as the exhaustion 
was made; and when the atmosphere in the vessel supported 
only one-fourth of an inch of mercury in the barometrical gauge, 
the sparks passed through a space of nearly half an inch, and by 
with^awing the points from each other the discharge was made 
through six or seven inches, producing a most beautiFu] corusca¬ 
tion of purple light,” etc. 

Toward the end of 1811 Davy made the acquamtance of the 
lady who soon afterwards became his wife. She was the widow 
of Shuckburgh Ashby Apreece, the eldest son of Sic Thomas 
Apreece, and, daughter and heiress of Charles Kerr of Kelso. She 
had been a prominent figure in society both in Rome and in 
London, and, according to Sir Walter Scott, of whom she was a 
distant relation, she had been “ a lioness of the first magnitude in 
Edinburg.” The marriage took place on April 11, 1812, 
Davy having been knighted by the Prince Regent only three 
days before. This distmction,” he remarked in a letter to his 
brother, has not often been bestowed on scientific men, but I 
am proud of it, as the greatest of human geniuses bore it, and it 
is at least a proof that the Court has not overlooked my humble 
efforts in the cause of science.” 
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It is a curious indication of tlie position of science in tie 
country at this time that the only honour conferred on Davy hy 
a University was the LL.D. given to him at Trinity College, 
Dublin, on the occasion of a course of lectures he delivered there 
in 1811. This was, of course, a consequence of the state into 
which the Universities had fallen, or rather from which they had 
never emerged, and which was the subject of so much pungent 
and deserved satire from the pen of the Eev. Sydney Smith. 

The honeymoon appears to have been spent at Beechwood 
Park, near St. Albans, and in a round of visits in the north of 
England and in Scotland. 

In the meantime Sir Humphry had notified the managers of 
the Eoyal Institution that he could no longer continue to lecture, 
and on June 1st he was appointed Honorary Professor of 
Chemistry and Director of the Laboratory. He was succeeded 
as Professor of Chemistry by William Thomas Brande, then a 
very young man, who retained this office for many years. A 
more important event which occurred before Davy’s lectures 
came to an end was the introduction of Michael Faraday. The 
boy had obtained access to the lectures, and having taken careful 
notes he sent a copy with illustrative drawings of apparatus to 
Sir Humphry, who acknowledged their merits, and in March, 
1813, secured for the applicant the post of assistant in the 
laboratory. In October of the same year he accompanied Sir 
Humphry and Lady Davy as secretary and assistant in experi¬ 
ment in their travels on the continent of Europe. 

It must not be forgotten that England was then at war with 
France, but his scientific fame secured for Davy not only per¬ 
mission from the French Government to visit the country, but a 
warm and friendly welcome from the scientific men in Paris. 
He was even elected a Corresponding Member of the Institute of 
France and was awarded the Napoleon Prize of the Institute. 
The travellers crossed from Plymouth to Morlaix in a ‘‘ cartel ” 
and were a day and two nights at sea. They spent about two 
months in Paris, where, having commodious portable apparatus 
with him,” Davy occupied himself partly in the society of the 
numerous scientific men of that city and partly in research. Of 
the former he left notices of a few of the most distinguished, 
among them Guyton de Morveau and Vauquelin, both associates 
of Lavoisier and now in the decline of life. Guyton de Morveau 
he describes as an old man of mild and conciliatory manners, 
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tliougli in the time of the Revolution he had been a violent 
republican. Vauquelin gave the idea of a man of a past age 
belonging rather to the pharmaceutical than to the philosophical 
world. Nothing could be more singular than his manners, his 
life, and his menage. Two old maiden ladies, the Mademoiselles 
de Fourcrov, sisters of the Professor of that name, kept his house. 
“ I remember/’ he says, "Hhe first time that I entered it I was 
ushered into a sort of bedchamber, which likewise served as a 
drawing-room. One of these ladies was in bed, but employed in 
preparations for the kitchen, and was actually paring truffles, 
Vauquelin wished some immediately to be dressed for my break¬ 
fast, and I had some difficulty to prevent it. Nothing could be 
more extraordinary than the simplicity of his conversation; 
he had not the slightest tact and, even in the presence of young 
ladies, talked of subjects which, since the paradisaical times, 
never have been the objects of common conversation.” 

Gay-Lussac was quick, lively, ingenious and profound, with 
great activity of mind, and great facility of manipulation. I 
should place him at the head of the living chemists of France. 

“ Berthollet was a most amiable man; when the friend of 
Napoleon even, always good, conciliatory and modest, frank and 
candid. He had no airs and many graces. In every way below 
la Place in intellectual powers, he appeared superior to him in 
moral qualities. Berthollet had no appearance of a man of 
genius: but one could not look on la Place’s physiognomy 
without being convinced that he was a very extraordinary man.” 

Beside the chemists he met many eminent men representative 
of other branches of science. Of Cuvier he wrote: I should say 
of him that he is the most distinguished man of talents I have 
known, but I doubt if he is entitled to the appellation of a man of 
genius.” And of Humholt that he was *'^one of the most 
agreeable men I have ever known. . . . His works are monu¬ 
ments of the variety of his knowledge and resources.” 

Davy engaged immediately in the experimental examination 
of the remarkable substance discovered about two years earlier 
by Courtois, a manufacturer of saltpetre, and to which the name 
icdine had been given in reference to the colour of its vapour. 
Davy received a small quantity from his friend Amp&e and soon 
proved that the acid formed horn it was distinct from muriatic 
acid, and that iodine itself was a simple substance analogous to 
chlorine. 
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On December 23rd he left Paris for the south of France. Of 
course he composed much verse on his way : at Fontainebleau 
on December 29th ; at Lyons, on a distant view of Mont Blanc, 
January 5th on the banks of the Rhone, January 6th ; on the 
Mediterranean Pine at Montpelier, January 14th; on the 
Canigou, one of the highest points of the Eastern Pyrenees. 
January 26th ; at Vaucluse in the beginning of February, 1814^ 
and at other points. He crossed into Italy by way of Hice and 
the Col di Tenda, and passing through Turin he proceeded to 
G-enoa, where he took the opportunity of making some experi¬ 
ments on the electricity of the torpedo. In the middle of March 
the travellers reached Florence, where Davy made some experi¬ 
ments on the combustion of the diamond in oxygen, using the 
great lens in the cabinet of the Academy. He found that the 
diamond, once ignited, continued to glow in oxygen gas, but 
without producing any alteration in the volume of the gas, which 
consisted of pure carbonic acid, no water being formed. 

" In the beginning of April the Davys left Florence for Rome, 
where they remained nearly a month. They then went on to 
Naples and returned to Rome in the last week of May, passing on 
almost immediately with the intention of spending the summer 
in Switzerland. 

Between Rome and Naples they met with a party of brigands 
in the passes of the Apennines, but after an amusing conversation 
with the captain of the party in walking together up a steep 
ascent, they were allowed to pass unmolested. In May he was 
present at the return from banishment of the Pope Pius VII. 
and his entry into Rome borne on the shoulders of the most 
distinguished artists, headed by Canova, whose acquaintance 
Davy made and to whom he addressed a short poem. 

In passing through Milan Davy met Volta, then nearly seventy 
years of age, and in bad health. In his notes of distinguished 
men, Davy says of Volta that his conversation was not brilliant; 
his views rather limited, but marking great ingenuity. His 
manners were perfectly simple. He had not the manner of a 
courtier or even of a man who had seen the world.” 

From hClan he crossed the Alps by the Simplon and arrived 
in Geneva at the end of June. Here the pair remained about 
three months enjoying the best society, chiefly English, and the 
pleasure of fishing, always Davy’s favourite sport-. Returning to 
winter in Italy they visited parts of the Tyrol, concerning the 
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bsanty of the scenery and the interesting geology of which he left 
some notes. The whole of the winter was spent in Rome. 
Here he made some analyses of the pigments employed in 
painting by the ancients, and sent home to the Royal Society 
some experiments on iodic acid and the perchloiates. From 
Rome he visited Naples, ascended Vesuvius and went round the 
base of Somma. By the time sprin g wa s well advanced Davy and 
his wife made their way back to England, avoiding France by 
making a detour through part of Germany and Flanders. On 
May 5, 1815, he wrote to his mother from a London hotel; 

We have had a very agreeable and instructive journey, and 
Lady Davy agrees with me in thinking that England is the only 
country to Uve in, however interesting it may be to see other 
countries. I yesterday bought a good house in Grosvenor 
Street, and we shall sit down in this happy land.’' 

But there was another pemon who was doubtless glad to be 
back in his own country again, and that was the young assistant 
Faraday, who had accompanied Sir Humphry and Lady Davy in 
all their joumeyings. For we have the testimony of Faraday 
himself that he often found his position as travelling secretary 
and assistant unpleasant owing to the whims and occasional 
exhibitions of irascible temper on the part of the lady. It was 
unfortunate that Davy’s valet, who had arranged to travel with 
him, was afraid of trusting himself in the enemy’s country and 
ultimately declined to go. A servant could not be found in all 
the continental towns they visited, and the consequence was that 
Faraday was sometimes placed in a somewhat humiliating 
position. lady Davy has been described as small, with black 
eyes and hair and a very pleasant face, an uncommonly sweet 
smile, and when she speaks has much spirit and expression in her 
countenance.” She had been accustomed to play a leading part 
in society, and perhaps the attention paid to her illustrious 
husband may have tended to diminish the brilliancy of her own 
position. It is, at any rate, a question whether she was in all 
respects fitted to be the wife of such a man, and it is significant 
that in Ms later years and when in bad health he wandered about 
alone on the Continent, and, as his brother says, “ dependent on 
his own resources; no friend to converse with; no one with him 
to rely on for aid, and in a foreign country without even a medical 
advi^; destitute of aU the amusements of society; without 
any of the comforts of home—month after month he kept on his 

H 
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course wandering from river to river, from one mountain lake 
and valley to another in search of favourable climate ; amusina 
himself with his gun and his rod when sufficiently strong to use 
them, with ‘ speranza ’ for his rallying word.” Lady Davy was 
with him only during his last days: She lived a widow till 1855 

Soon after his return to London in 1815 Davy entered on the 
train of researches on the structure and conditions of flame which 
resulted in the invention of the Safety Lamp ” for miners. 

In evidence of the importance and value of the discovery of 
the principle and its application to the purposes of the miner a 
service of plate valued at about £1,200 subscribed for by the 
chief colliery owners of the north of England was presented to Sir 
Humphry on October 11, 1817. Beside the present from the 
coal-owners he also received a silver-gilt vase from the Emperor 
Alexander,of Eussia, and a baronetcy was conferred on himin 1818. 

On May 26th Sir Humphry and Lady Davy started for Vienna, 
in which city they arrived about June 13th.- After passing 
through part of Hungary they made various excursions in 
Styria, Idria and Carniola. He visited the salt mine at Hallstadt 
and in a letter to Professor Braude he mentioned that they were 
still ignorant of the use of the Safety Lamp, in which he gave 
them instructions. The inflammable air,” he says, '4s found 
in largest quantities where the blue salt is. I have been again 
searching in vain for the cause of this extraordinary colour.” 
To this day this phenomenon has not been fully explained, though 
it has been attributed to the action of radio-active matter, and 
the liberation of the alkali metal. 

By the end of October Davy was in Naples making experi¬ 
ments on the rolls of papyri from Herculaneum. In this he was 
only partially successful, and the fragments disclosed possessed 
little literary interest. Another subject in which he occupied 
himself was in observation of the phenomena of volcanoes, 
concerning which he had theories of his own. 

The Davys left Naples early in the spring of 1820, travelling 
slowly, as Lady Davy was reported not very well, and reached 
London on June 20th. 

On June 19th Sir Joseph Banks died, having been President 
of the Royal Society during forty-two years. Davy immediately 
ofiered himself, and on November 30th, St. Andrew’s Day, 1820, 
when the officers are annually elected, the choice of the Fellows 
was almost unanimously in Ms favour. 
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Of Sir JoseptL Banks, Ms predecessor, it was no doubt tine tnat, 
according to Daw’s estimate, he was a good-humoured and 
liberal man, free and various in conversational power, a tolerable 
botanist and generally acquainted with natural Mstor j. He had 
not much reading, and no profound information* He was always 
ready to promote the objects of men of science, but he required 
to be regarded as a patron, and readily swallowed gross flattery.” 
Daw was a man of very difierent character, habits and ideas. As 
it had been the custom of former Presidents to observe a certain 
state in all that related to their office, Davy followed their 
esample and cx)ntinned to take the chair in Court dress, sitting 
covered, with the mace presented by the Eoyal Founder before 
him. So long as he lived at 28, Lower Grcsvenor Street, he 
continued to give evening parties on Saturdays, which were 
attended by many men of science beside artists, literary men and 
others. Afterwards, on removing to 26, Park Street, Grosvenor 
Square, these gatherings were discontinued, but the library of 
the Society then at Somerset House was opened on Thursday 
evenings after the regular meetings were concluded. 

Davy commenced his presidential duties with a Mgh sense of 
their importance and with nmny schemes for improving the 
reputation of the Society and increasing its usefulness. But he 
soon found that the worries inseparable from this kind of office, 
involving not only attention to the details of the regular business 
of the Society, but the necessity for sometimes rejecting papers 
and otherwise interfering with the projects of people desirous of 
making use of the Society for their own purposes, caused him 
much anxiety and annoyance. Davy was re-elected to the 
presidential chair seven years in succession, but though he 
continued to make researches on a variety of subjects, partly 
in the laboratory of the Eoyal Institution, and whenever op¬ 
portunity offered during his travels on the Continent, the day of 
great discovery was for him past. 

Eesearches on electro-magnetism, discovered by the Danish 
philosopher CEIrsted, and developed in later years by Faraday, 
was one of the most important subjects he attacked. 

A subject of great practical importance was brought to his 
notice by the Commissioners of the Navy on account of the 
serious loss incurred in consequence of the corrosion of the 
copper sheathing with which the sMps of that day were usually 
(K)vered. Davy’s discovery of a means of protection by attaching 
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to tb^ eooTj^r g relatively sinali area of a more electro-positive 
ra::ab *^ava a- ziaj iron, promisedar first to be a complete cure 
for tLr troable. For a variety of reasons, however, especially 
rao to:: i racy for seaweeds and shell-fish to accumulate on the 
rrotrctrd mriace, the nietiicd was ultimately abandoned. In 
roe oamiaer c: 1S2± he made a voyage to the North Sea with the 
cb'em c: rrying the mnuenee of motion on the protectors. He 
abmnr some weeks travelling round the coast of Norway-^ 
thmaah dwedru, Denmark, Holstein and Hanover, sometimes 
::: the Admiralty steamboat and sometimes by land. 

0: oenrse he carried everywhere his gun and rod, and accord¬ 
ing to h:= diaries of the journey he had good sport, especially on 
the lakes and rivers. He dined with the Grown Prince of Sweden 
and the Ihineess, a granddaughter of the Empress Josephine; 
ha also visited Berzelius, Olbers, the astronomer, and 

Gauss, the mathematician and physicist, and others. Of some 
of these distinguished men he left sketches of character. Ber- 
he says, "was the worthy countryman of Scheele, and 
certainly one of the great ornaments of the age. Indefatigable 
in Iihcur. accurate in manipulation, no one has worked with 
more profit. His manner was not distinguished, his appearance 
rather coarse, and his conversation limited much to his own 
subjects. 

(Erstei is chiefly distinguished by his discovery of electro- 
magneri-in. He was a man of simple manners, of no pretensions, 
and not of estpsive resources, but ingenious, and a little of a 

^ ^ta pb v’niQi *7. r; '' 

In dentembsr, ISuo, Davy's mother died, and soon after his 
own nsa^tn oegan to decline. In December he had a paralytic 
armrU mom wmeii, however, he recovered sufficiently to be able 
to anaerraue a journey to the Continent in charge of his brother, 
who was anjmmy surgeon. The winter was very severe and 
' t ranee covered witn snow. After a difficult crossing 

mrnt Cruis tney loiind much snow throughout Lombardy, 

>. arriving at Eavenna in March that it began to 

mildness of the Yice-Legate of Eaveima he 
was .:amu :n tne Apostolical Palace. Here he was alone, but 

forest. But the melancholy 
.^ttuuie ct ms miiia was inchcmted by the verse which from time 
to tm.e re.: tram ms pea, of which an example is shown in the 
mrei Eavenna, April, 1827: 
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*’ Oh, couldst thou be ’srith me, daughter of heaven, 
Urania 1 I have now no other love; 

For time Las withered ail the beauteous fiowere 
That once adorned my youthful coronet.'' 


The reading he then preferred was Byron’s poems, and he found 
additional interest in Eavenna. where he met the Countess 
Guiecioli and her family. Occupying himself, as much as was 
possible to an invalid, in natural history observations and in 
experiment, he passed northward on the approach of summer 
and remained in Switzerland and the Austrian Tyrol till, at the 
end of June, being at Salzburg, and in grave doubt of permanent 
recovery, he wrote to Mr. Davies Gilbert resigning office as 
President of the Eoyal Society. With all the care possible his 
health did not improve, and he determined to return to England, 
where he landed on October 6th. 

He remained in England till the following March, and being 
unable to follow actively his ordinary pursuits either in science 
or sport', he sought refuge from ennui in composing his work on 
fly-fishing, which he called Sahnonia, All his life he had been 
devoted to angling, while after his marriage he seems to have 
preferred the gun, possibly owing to more frequent opportunities. 
Sahnonia, like the C-G7fipl€te Angler of Eaac Walton, is in the form 
of a dialogue, but it is not confined to the subject indicated by 
the title. His brother and biographer remarks thatnever was 
a work more characteristic of the mind and pursuits of its author,’’ 
including as it does an account of his experience in angling and 
his researches in natural history and science, diversified and 
enriched by thoughts and reflections rising from appreciation of 
the beauties of nature. It is the work of the sportsman-pcet or 
poet-sportsman, and is even at the present day familiar to kindred 
spirits. 

As his health did not improve, Davy set out on March 29, 
1828, with Dr. Tobin, the eldest son of his early friend, Mr. 
James Tobin, of Bristol, with the intention of passing the 
summer in his favourite districts of Southern Austria and 
descending into Italy on the approach of winter. WTiile on his 
journey he planned and in part composed his last work, Consola¬ 
tions in Travel, or The Last Bays of a PhilosGfher. This, like 
Scimoma, consists of a series of dialogues in which one of the 
characters may be considered to represent himself in ordinary 
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li:-*. vC::;; niaj be supposed to represent what he wished 

r ■, b? us u cbeusisr. but tuore c-spscialiy as a philosopher. 

At:;v:::u u: Luybucb on May 4th, he passed on to Ischl and 
S utburu. I ;u October ha went to Trieste expressly for the 
purr-Vi c: t:;.unrj:ug meditated experiments on the electricity 
c: t i.; io. u L e results were sent to the Eoyal Society in a 
ptt -t u?.;;! “is printed in the Philosophical Tramadions for 
IrUL’. It "US hts last contribution, but experiments were 
ctt-:nu;i arrer his death by his brother John. In November 
he "US aui-In in Some, but towards the end of February another 
ScuZUTc GCCaTrcCL- and Dr. Davy, who was in Malta, 
hurt;. ! t.. him. Indy JJavyalso arrived from England, bringing 
a City c: me seeGud edition of Salnionia, which gave bim great 
p-.:-U:ur-. ris condition improved sufficiently to allow biTn at 
tne end c-i April to undertake the journey to a cooler climate, 
and by easy stages the party reached Geneva on May 28th! 

hut on hearing from Lady Davy of the 
death cf his old friend, Dr. Thomas Young, he was deeply affected ; 
and he was further upset by a slight accident, striking his elbow 
aguiust the arm of the sofa on which he sat. He was got to bed 
us qmcmy as possible, but the end came about 3 o’clock in the 
m'-rninu cf Mav ifrh. 

nits remains were deposited in the cemetery of the city and 
mrsi to tn? grave of Professor Pictet, the funeral being attended 
o^^State and representatives of the Academy. 
An opeusx witn a Latin icscription marks the spot. 

^ ^nus passea away, at the early age of fifty-one, one of the 
moii remurim bie men of this or any other time. The precocious 
‘ m lift an almost uneducated boy from the 
cmrititn c: a surgeon's unqualified apprentice to a position 
amtng tnmgrearest sciefrific discoverers in the short space of 
y.-n ysurs. mUs comoinea witb a poetic fervour which alone would 
nuve muuen nun among the remembered poets of his day. The 
c: umer.dge, of Southey, of Wordsworth and Sir Walter 
m;t:, ever, cue oi whom left their testimony to his powers, he 
PFlArrJr® time endowed with the most brilliant con- 

described, for example, in con- 
Abbotsford in Lockhart’s life of Scott. 

^ scientific position is well represented 
American Journal immediately after 
liic wliter says: “Some might even entertain 
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tlie apprenension that so extensive a popularity among Ms 
contemporaries is tlie presage of a skort-lived fame; but Ms 
reputation is toe intimately associated witn the eternal laws of 
nature to suner decay: and the name of Davy, like those of 
Archimedes, Galileo and Newton, wMch grow greener by time, 
will descend to the latest posterity.'" 
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CoNCEBNiNG DsvT^ cz7.t?iD.uccaiiss, Priestley, wiio died in 
ISzi in n di'raBt land, and CuTendisii, who died in 1810 , some- 
rnia:: L - - ahrad” said, but there is another, his senior by 
s"::: ; ?]■;-:> rears, wh'^ enereised on the progress of science an 

:nhn. a? o as rrear thanrh in quite a different direction. This was 
JaTN DnaraN, whrse name has been for more than a century 
a^s.ai.n.':: with the anphcaticn of the Atomic Theory to 
eh ?:nhrr;n The Atamie Theory assumes that the established 
h-Tr :: anmbinaticn batween the elements are accounted for by 
rh - h”p rn?-:5 that matter consists of separate particles limited 
a. nt r ana weirhr. and that a mass of any given element, such as 
^rn'tYn :r h::n consists of particles all alike in every respect. 
Ui.e:. a mneunc is formed the particles of the compound are 
a,.TO a., n:k% and, using Dalton's own words, "'Every particle 
c: ™a: T The every ether particle of water; every particle of 
ny ar: g'l: is iike every other paitiele of hydrogen, etc. When 
a ay m ay een'ts in the elastic state, its ultimate particles are 
Srp:-lar: a :r: m each other to a much greater distance than in any 
mn: r itar a: eacn particle occupies the centre of a comparatively 
mrur -paere. and supports its dignity by keeping all the rest, 
wi::n cy "::e;r gravity, or otherwise, are disposed to encroach 
up: n :r, at a respi-etful distance. . . . Chemical analysis and 
synrmsis go nij farther than to the separation of particles one 
tr im a a : t aer, anl to tneir reunion. No new creation or destruc- 
t:::, matter is within the reach of chemical agency. We 
mignt as we„ att-mpt to introduce a new planet into the solar 
: r to anmimiate one already in existence, as to create or 
destroy a particle ot hydrogen. All the changes we can produce 
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consist in separating particles that are in a state of coliesion or 
combination, and Joining tbose tliat were previously at a dis¬ 
tance.’’ It is unnecessary to quote furtner, for the fundamental 
idea of atoms combining together to form compounds is familiar 
to the most elementary student. The theory has, however, 
undergone modincation in every direction since Dalton’s day. 
But to the original conception we owe to a large estent the 
development of chemistry as a department of science. Without 
it chemistry would have continued to consist of a mass of 
heterogeneous observations and recipes for performing experi¬ 
ments or for manuiacturing metals, salts and all kinds of com¬ 
pounds, but without the law and order by which the whole 
becomes intelligible. 

In order to justify the acceptance of this Atomic Theory 
several principles of general application require to be established. 
The first of these is commonly known as the Law of Definite 
Proportions; this was proved experimentally by Joseph Louis 
Proust, in opposition to the view promulgated by his countryman 
Berthollet. Next we require the Law of Multiple Proportions, 
which we owe to John Dalton, the author of the Atomic Theory 
in chemistry. Thirdly the ]kw of Combination of Gases, which 
was established by Gky-Lussac, and lastly the Law that equal 
volumes of different gases in the same physical condition as to 
temperature and pressure contain the same number of particles 
(molecules), which was published in 1811 by the Italian Avogadro, 
and is justly associated with his name. 

These philosophers were contemporaries, and their researches 
were going on at the same period. Dalton, born 17 t) 6 , Proust, 
born 17 o 5 , Gay-Lussac, born 1778 , and Avogadro, bom 1776 , were 
all comparatively young men at the beginning of the nineteenth 
century, and were working out their ideas independently of 
each other in their respective countries. 

John Dalton left the following short account of his own 
early history: 

The writer of this was bom at the village of Eaglesfield, 
about two miles west of Gockermouth, Cumberland. Attended 
the village schools, thsre and in the neighbourhood, till eleven 
years of age, at which period he had gone through a course of 
mensuration, surveying, navigation, etc.; began about twelve 
to teach the village school and continued it about two years; 
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was ecsasioaadj e^nplored in liusbandrv for a year or 
marc: remavi-d to Kendal at fifteen years of age as assistant in 
a b srding-scli.cl; remained in that capacity for tixee or four 
ymri. then undertook the same school as principal and con¬ 
tinued It fur eirkt years : whilst at Kendal employed his leisure 
in -tudyinr Lt::n, Greek, French and the mathematics, with 
n:nu::,i thn^imthy: removed thence to Manchester in 1793 as 
:u:er :n muthvniarijs and natural philosophy in the New College : 
tva- ^:n yrois in that engagement and after was employed as 
rriTute and puhlio teacher of mathematics and chemistry in 
Man-L“5ter, cur cccasicnaiiy by invitation in London, Edin¬ 
burgh, Giasgew, Birmingham and Leeds. 

Oet. 22, 1S32. John Dalton.” 

Au':b::grouhy commcnly fails either by reason of the 
scarmty oi detahs owing to the modesty of the writer, or the 
^::p ;m mndancr of trivialities, the fruit of esuberant self-esteem. 
As this was only an entry in an autograph album it could not 
be other than short, and if this were all that remained to us of the 
life of a great man it would be regarded regretfully by every 
reader. But in the present instance there is sufficient material 
to enabm the generations following him to realise much of the 
man apart from the discoveries associated with his name. Dalton 
came of Quaker stock and retained much of the simplicity of the 
i nenas tnxcugnout life. His father, Joseph Dalton, was a hand- 
Iccm weaver witii a small patch of land which he farmed. TTi.g 
meaner, a.SD of Quaker family, was Deborah Greenup, and the 
pair were mamed at Ccckermouth Meeting House on June 10, 
emiuren. Jonathan, Mary and John, survived to 
cm age. wm:e timee others died young. John was bom, it 
IS iutpiseu, on 6eptember 6, 1766 , though there being no 
reguiei ci ms Dutn, tne exact date is somewhat uncertain. John 
^ necessarily hard conditions of life imposed 

oy :ur piverry of tne family, and to a- very large extent he was 
senc agoT. ^ lie Quaker sehcolmaster of the village seems to 
mve recogrmea tne intelligence of the boy, who was fortunate 
a.iu in attracting the attention of a distant relative, a Quaker and 
a mp CI means. ^ Mr. Elihu Eobinson was a practical meteor- 
ne assisted Dalton in ins studies along with another 
Ttung man twice ms age. It may be imagined that John Dalton 
n:.a cm nitm autncniy ever the scholars who came to Mm, a 
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boy of twelve, at tlie Eaglesfield scIiooL Sometimes thev 
challenged Mm to fight in the adjoining graveynrd. and they are 
reported to have broken the school wiadows when he locked 
them in to complete their tasks at dinner time. But sharing 
afterwards in the labour on Ms father's little farm, he grew up 
strong and healthy in body and mind. When he joined Ms 
brother Jonathan at Eendal the school there was not generally 
popular, and according to the recollections of a lady who was at 
school under the brothers in 1785 , tms was partly due to the 
uncouth maimers of the young masters. 

During tMs period John contributed frequently to two 
periodicals. The Genthmenrs Diary and The Ladies' Diary, and 
on more than one occasion received a prize for solution of 
problems in mathematics and pMlosophy. TMs period of Ms 
life was also memorable from Ms close acquaintance with Mr. 
John Grough, the son of a tradesman in Kendal who had been 
rendered quite blind by smallpox when about two years old and 
was then about thirty. Dalton, in the preface to the first 
edition of Ms Meteorological Observations a7id Essays, 1793 , ex¬ 
pressed Ms sense of obligation in very warm terms. And indeed 
Gough must have been, in Dalton’^ words, "" one of the most 
astonisMng instances that ever appeared .of what genius united 
with perseverance and every other subsidiary aid can accomplish, 
when deprived of what we usually reckon the most valuable 
sense.*’ Gough was not only a good classical scholar and 
mathematician, but had an extensive knowledge of the science 
of the day. Dalton states that ""it was he who first set the 
example of keeping a meteorological journal at Kendal.” Dalton 
himself commenced one entitled Observations on the Weather, 
etc,, dic., March 24 , 1787 . This is a matter of some Mstorical 
importance, because Dalton’s earliest scientific observations, 
continned through many years, led him, it is supposed, to those 
considerations regarding the constitution of gases which cul¬ 
minated in the Momic Theory a few years later, Dalton’s 
instruments used in tMs work were constructed by himself. 
They were doubtless inaccurate enough according to modem 
standards, but they served Ms own purpose and were considered 
satisfactory by other people, for he supplied to Mr. Peter Cros- 
thwaite, the founder of the Keswick Museum, a barometer and a 
thermometer for wMch he charged Mm 18 s. and 5 s., and two 
thermometers were sent to Ms early friend, Elihu Eobinson, to 
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T’Ocr;: aA' : coi::n:'i:::cuted tFe details of their construction. 
TO r :::c. T:±euIt:os surrounding such operations 

:u 'lo- Orlurv 0 - iiur rined from the fact that in order to heat 
:0 ‘ u: _ . /uy c u T / dr me was applied to the bulb. It will be 
r m 0 tdat rhe caadio was a common source of heat used 
dy m^ay :: :Le .Idm experimenters—Eriestlej. for example. 

It: ir -7 Danen tried his hand at public lecturing, and in 
0:^::e: c: rdat year he gave a course of twelve lectures on 
Xmmrl Pdd eeephyA “ Subseriberstothe whole, half a guinea ; 
or ore shidizg fcr sirgie nighrs." These lectures were repeated 
in after years at Kendal and elsewhere, with, however, scanty 
success. He was never a good lecturer, and his experiments 
were eften unsuccessful even in later years, when he had acquired 
grmter enptrience. While in Eendal he made a fairly complete 
ctliecticn o: the plants cf the district, and of the butterflies and 
ntttus. v'hieh was deposited in the Keswick Museum. He 
b.;grn tr think cf undertaMng the study of medicine, with a view 
to practice, but was dissuaded from the attempt by his want of 
and by the representations of his friends. In 1793 he left 
K“-w:ck and went to Manchester, to nil the position of tutor in 
mathematics and natural philosophy at New College. This 
cci: ’ge nad been estahiished in 17S6 by the Presbyterians as a 
centinuaric n cf the Warrington Academy with which Priestley 
ann ethecs nad been honourably connected. This was the 
mierunner of the hlanehester College ultimately erected in 
0 x 1 :ri as a protest against the exclusiveness of Oxford and 
Cambrmge prior to 1871, when religious tests were abolished, 
mmton se.-nm to nave been happy in Ms new circumstances. In 
? b---bu Hocinson in 1794, after describing the college 

Dmrmm and nis own room on the top floor, which “has two 
vccutj-rnao nremece, is handsomely papered, light, airy and 
retme^, ' ne preoeeas : *’ whetiier it is that pMlosophers like to 
apprcrc-n as near to tne stars as they can, or that they choose to 
yt-^r reeve me vu-gar into a purer region of the atmosphere I 
“n ' ■ r IS fuiJ ten yards above the surface 

m xneie is m tins town a large library furnished 

^dn me mst coons in every ait, science and language, which is 
egrr m r:. gratis ; when thou art apprised of this and suchlike 
, tmu consiasrest me in my private apartments, 

—_ nrvmg a good tire and a pinlosophical apparatus 
u-;,*—u *_ie. mou tmt oe afne to form an opinion whether I spend 
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mj time in siotMui inactivity of body and mind. The watch.- 
word for my retiring ro rest is ‘ Bist twelve o'clock—cloudy 


” There is a considerable body 
near 2 jO attend our first day {Sundaj 
particular civility from most of them. 


of Friends (Quakers) here; 
•) meetings. I have received 
, and am often at a loss where 


to drink tea on a first-day afternoon, being pressed on so many 


hands/' 


Li December, 1797, he wrote to Ms brother that his time was 
so much taken up with tuition at home and in the town together 
that he mn scarcely turn to any mathematical or -Dhilcsophical 
pursuit. And so as time went on he began to consider the 
advantages to his freedom which would result from giving up the 
tutorship at college and gaining Ms living as a private tutor. 
Accordingly in 1799 he retired from the post and henceforward 
devoted his life to scientific work, but earning his bread as a 
private teacher, of mathematics and natural philosophy chiefly, 
together with English, in connection with which subject he 
published a Grammar in 1801. His Observations in meteorology 
had been pubKshed, as already mentioned, in 1793, and the first 
entry made in 1787 described a remarkable display of aurora, 
a phenomenon wMch interested him very much. He cannot be 
said to have discoyered the connection between the display and 
terrestrial magnetism, for this had already been indicated by the 
astronomer Halley nearly a century earlier. But Dalton, with 
characteristic independence, paid but little attention to the 
work of others or to their opinions when they did not accord with 
his own. During his meteorological observations, extending over 
several yearn, he was meditating in Ms own fashion the properties 
of gases and endeavouring to account for them: and that it w^s 
in connection with these observations that the Atomic Theory 
assumed a definite shape in his mind appears now to be certain, 
from the discovery of manuscript notes of Ms in the collection of 
Ms papers preserved by the Manchester literary and Philo- 
sopMcml Society. In the winter 1803-4 he gave a course of 
lecrf^ures at the Royal Institution in London, and in a second 
coime at the Royal Institution, given in 1809-10 he explained 
esactly and in considerable detail how he had been led to the 
doctrine of particles. A few extracts from these notes may be 
given here, but the reader must be referred for the complete 
stoiy to the Essay of Sir Henry Roscoe and Dr. Arthur Harden 
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’^'^11:=::' 5 in In th^ notes prepared for the seventeentli 

'ire Dr'n n rivre an account of his recollections as follows: 
'‘ II r I - n i ■ nr ': ju-rcnaed to make meteorological observa- 

r: a- ani r: 'O^-alatc unon tne nature and constitution of the 
rnn: ;r of:":: struck me with wonder how a compomid 

'u:u :r a miut'ure of two or more elastic fluids should 

r annnrentiT a homogeneous mass, or one in all 

no :h tu: :ti rhi*; :ns aareeing with a simple atmosphere. 

'*y -nu:r: hai demonstrated clearly in the 23rd Prop, of 
Book II c: rue ?r:nc:n:a that an elastic fluid is constituted of 
email nur:::’-s or atoms of matter which repel each other by a 
fcm- inereasinr in urtnortion as their distance diminishes. But 
mtdcrn di^ooseries haTinu ascertained that the atmosphere 
eontains three or more elastic fluids of difierent specific gravies, 
it did not annear to me how this proposition of Newton’s would 
unnlf to a otse of which he, of course, could have da idea. The 
same dimeultv oeeurred to Dr. Priestley, who discovered this 
curd nature of the atmosphere. He could not conceive 
wiv'the ouTren mas, being specifically heaviest, should not form 
u distinct of air at the bottom of the atmosphere, and the 

azotic gas at the top of the atmosphere. Some chemists upon 
the Continent— I believe the French—found a solution of this 
diScuItT (as thev apprehended). It was cheTnical affinity. One 
species of gas was held in solution by the other, and this compound 
in its turn dissolved water—hence evaporation, rain, etc, , , . 
iz was obieeted that there were no decisive marks of chemical 
unicn when one Mnd of air was mixed with another. The 
answer was that the amnity was of a very slight kind, not of that 
enm retie east which is observable in most other cases. I may 
a l L hv th ? bye. that this is now, or has been till lately, I believe, 
the prevaiinz dcctrine in most of the chemical schools in 
EuroT^." 

He then explains how he endeavoured to reconcile these 
ileas by assuming each atom surrounded by an atmosphere 
:: h '-at and making them respectively centres of repulsion, 
"hether in a mixed or simple state. There were, however, still 
limcuirics, and in considering the subject further *^it occurred 
ta me that I had sever contemplated the effect of difference of 
rze in the particles of elastic fluids. . . , This idea occurred 
to me In 1503.” ** The different sizes of the particles of elastic 
nmds under like circumstances of temperature and pressure 
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being once established, it became an object to determine the 
relative sizes and -xeigMs, together with the relative numbers of 
atoms in a ^ven volume. This led the way to the combinations 
ot gaps and to the number of atoms entering into such com- 
binations.’' In tne nest lecture Dalton explained that he had 
“ cdosen tne word <Aom to signify these ultimate particles in 
preference to particle, molecule or any other diminutive term, 
because I conpive it puch more expressive; it includes in itself 
tne^notion or mdivisibie wJuch the other terms do not. It may 
perhaps be said that I extend the application of it too far when I 
speap Oi crympound atoms / tor instance, I call an ultimate 
particle oi earhonic acid s compound atom. Now though this 
atom may be divided, yet it ceases to become carbonic acid, being 
resolved by such division into charcoal and oxygen. Hence I 
conceive there is no inconsistency in speaking of compound 
atoms, and t^t my meaning cannot be misunderstood.” 

It must be obvious on considering Dalton’s theory of atoms 
that ii thp is really the constitution of a gas it must also be the 
constitution or li(piid3 and solids from which gases are formed 
or iO whicn they may be condensed. Hence any combination 
ensuing between two elements implies the union of a definite 
mtegral number of atoms, e.g., one atom of one kind with one or 
more atoms of another kind, or in more complex cases two or more 
atoms of one kind with two or more atoms of another kind. 
The consequence is that the atoms constituting each element 
bemg all alike in size and weight combination can only occur in 
defimtppro^rtions by weight and m the case of gases indefinite 
proportions by measme. The Atomic Theory was not explicitly 
^ven^o tne world tih 1808, when the first volume of Dalton’s 
Aea; System of Chemical Philosophy was publisheJ ; the subject 
^d, now everoeen presented m courses of lectures given by 
Daiton m Ec^ourgh and Glasgow in the previous year. In 
caernm^ it has long bees the wholesome practice to submit 
every idea to tne tpt of experiment and the :^damental law of 
cnemieal combinatio that is, the law of combination in definite 
projrortions could not well escape notice. As already stated, the 
(^mbiiiation of hydrogen and oxygen had been shown by 
Cfeven^h to occur invariably in the proportion of two measures 
of the former to one measure of the latter, and before the end of 
tne eighteenth century the Ikench chemist Proust had proved 
the constant composition of natural and of artificial carbonates 
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of copper and some otlier compounds. THs was merely a ques¬ 
tion ^ fact anait from any tiieory.^ Dalton, examining the 
anal^^es of nitrons oxide and of nitric oxide made by Davy, 
earne to tire cor.cinsion that the former consists of 2 atoms 
of nitronen to one atom of oxygen, while the latter is com- 
n 1 o: one atom of nitrogen with one atom of oxygen, and 
here was an admission net only of definite composition in these 
two cases bnt an example of multiple proportions which as a 
mie or general principle Dalton established by further experi¬ 
ments in~I504 in the analysis of the gas from ponds (marsh gas) 
and oi manr sas. And so his conviction grew of the truth of 
the atomic doctrine, winch he then proceeded to apply to 
chemical elements and compounds in general. 

Of eouise Dalton occupied himself in estimating from the 
anaivsis of various compounds the relative weights of his atoms. 
Thus, for example, if 100 parts of water had been found to 
consist of 80| parts of oxygen and 14J parts of hydrogen or in 
the proportion of 6 of ox;^en to 1 part of hydrogen, and on the 
assumption that when only one compound of any two elements 
is known to exist that compound is formed by the union of one 
atom of each, Dalton's atomic weight for oxygen was repre¬ 
sented as 6 when that of hydrogen was taken as 1. Dalton’s 
methods of experiment were rough and his experimental skill 
was of a comparatively humble order. Hence the numbers 
wMch he inserted in his tables of atomic weights were in most 
cases ve^ far from the numbers which are derived from the more 
exact experiments of ids great contemporary, the Swedish 
professor Berzelius, and other later enquirers into the exact 
Tables to be assigned to these ratios. Dalton’s views were not 
immediately accept-'^d by all the leading chemists of his day, 
i ^ ^rery ih x ye- r' the Atomic Theory was employed 
Itivy, I r ci. v: - racher slow to admit the conception 
out it must be remembered that when Dalton first 
made ids acquaintance in December, 1803, on the occasion of his 
visit to Ixsndon to lecture at the Eoyal Ir^titutipn, Davy was a 
very young man, being only about twenty-five Years cf age, while 
Dawon was about twelve years his senior. In a Jester dated 
January Iu, I5u4, Dalton speaks cf Davy as very 

ana iniemgcnt vonng man and we have interesting conversa- 
t^s m an ewining: the principal failing in his character as a 
|Moso|dier is that he does not smoke.” Dr. Thomas Thomson, 
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of Gla^gc^v, "K-as the chief exponent of the Daltonian doctrine, 
and it seems certain that the acceptance of the principle of the 
Atomic Theory by the chemical world was chiefly due to his 
expositions and writings, assisted by new observations con¬ 
tributed by Dr. Wollaston and other chemists. The discovery 
by Gay-Lussac of the simple law of combination among gases 
which was published soon after the issue of Dalton's New 
Chemicdl Philosophy afforded another very strong argumeiit in 
favt>ur of the atomic doctrine. Gay-Lassac's law of volumes 
states that under the same conditions of temperature and 
pressure gases combine together in simple proportions by mea¬ 
sure. that is to say, one volume unites with one volume or two or 
three volumes of another gas, or two volumes with three, etc. 
Stmnge to say, these facts did not commend themselves to 
Dalton’s mind and to the end of his life he seems to have been 
reluctant to accept the law of volumes. 

It is unnecessary in this place to describe Dalton’s experi¬ 
ments or investigations in other directions. His views on 
chemical subjects have long since been superseded by the results 
of subsequent work, and their importance was never to be com¬ 
pared with that of the great fundamental principles which he 
succeeded in establishing. But his personal characteristics 
require more than a few words in passing. Dalton was a man 
of middle stature and vigorous muscular frame. He always 
dressed in Quaker habit, knee-breeches, grey stockings and 
buckled shoes, a white neckcloth, and he usually carried a hand¬ 
some gold-tipped walking cane. As> to his countenance, there 
seems to have been a general opinion among those who were 
among his familiar acquaintances, and best qualified to judge, 
that his features closely resembled these of Newton ; and a cast 
of Newton’s head having been placed beside that of Dalton after 
his death it was remarked that the likeness observable during 
life became then more strongly marked. The life-sized marble 
statue by Chantrey which stands in the Manchester Town Hail 
mffesents him, it waf considered, faithfully, in the prime of life. 
It is also said that the members of the British Association who 
assembled at Cambridge in 1833 were impressed by the likeness 
of Dalton, then living, to Roubiliac’s statue of Newton in Trinity 
CdHem Chapel. He preserved through life the quiet imdemon- 
stmtive mannas and habits which may be consid^ed har- 
momouE with the dbaracter of members of the body of Ikiends. 

I 








He lived tae iHe of a adibijpder. witii few wisiies and little 
vr::L ide most; raciest remuneration for Ms 
^avii-.s c-rder as a cderaist or as a teaclier. After 
r,-.a dLr rl.. -l-d^err in ilanedester and for a year or two being 
nni-ttiiaj dc te : k no dis abode in 1S05 in tie iouse of a friend, 
rdj Riv. tVdiiom J-dns, and tiere ie remained for five and 
rwcinv wden dir. Jcdns left, and Dalton took a house for 

« » *.9 

dd^ri J,dn^ ird an _oc^nnt H dis life wiri her family from 
wdijd rde :ndn:dnn emmets wid snnieientiy snow his habits of 

'* The Doet ord habits of life were so uniform and unvaried as 
to be soon related. On Sundays he always dressed himself with 
the most serupulcus attention to neatness, attended public 
worship twice, esoept when indisposed, or on very particular 
GcmsioLS, which, however, the writer does not remember to have 
oeeuned a dozen times in all; dined, during Jm life, with his 
friend 3Ii. Thomas Hoyle, the printer of Mayfield, and returning 
home to t-a, spent the evening in his philosopMcal pursuits. . . * 
Witd respect to dis religious principles, I should be disposed to 
think that he had never made theology, properly so-called, a 
study: he certainly never mentioned having done so, but his 
reverence for the great Author of all things was deep and 
sincere : as also for the Scriptures in wMch His revealed will is 
erpiessed. When the occasion called for it I have heard Mm 
express dis sense of the duty and propriety of the religious 
observance of Sunday and also Ms serious disapprobation of its 
viclaticn. . . . His week-days every day and all day long were 
spent in dis laboratory, with the e^neption of Thursday after¬ 
noons, when he accompanied a party of friends about three miles 
into the country to bowl and entered into the amusement with a 
nest munuely amusing to all who were present. . . . After 
snpper we an sat together and generally had a nice chat, for 
wn:;n tm moours of the day had excellentiy prepared us. The 
a» to zumt^e part in the conversation, though he showed that 
ne ns:m-a by frequently smiling and now and then uttering 
mme ary, iacGnic wittidsm in reference to what was passing, 
ile ana my father smoked their pipes unremittingly. . . . Not 
unrreuuenriy we have been mvoured with the company of some 
ci tne most oosiinguished jMiosophers of Europe. ... Among 
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them I particulariy remember M. Biot, as the most interesting 
person possible/' 

Tiis was the genera! course of Dalton^ life to the end. and his 
forei^ scientinc visitors might well be surprised to find the man 
who had achieved a world-wide reputation occupying a house in 
an obscure street and engaged in teaching arithmetic to youiig 
boys and girls, XotwithstandingMs fame, it was not till 1822 that 
D^ton became aFellow of the Eoyal Society, though some years 
earlier he had been elected a correspcnding member of the 
French Academy. 

In 1822 he visited Paris and was received by the Utrench men 
of science with the utmost cordiality. He attended a meeting 
of the Academy and visited some of the laboratories, including 
those of Theaard, Gay-Lussac and Ampere, where he saw ex¬ 
periments which had been specially prepared for him. The 
following is the interesting account given by hlr. Dockray, one of 
his companions, of his reception by the philosophers at Arcueil; 

At four in the afternoon by a coach with Dalton to Arcueil, 
Laplace’s country seat, to dine. On alighting we were conducted 
through a suite of rooms, where in succession, dinner, dessert 
and coffee-tables were set out; and onwards through a large 
hall upon a terrace, commanding an extent of gardens and 
pleasure grounds. It is in these grounds that are still remaining 
the principal Roman works near Paris, the vestiges of Julian's 
residence as Governor of Gaul. Avenues, parterres, and lawns, 
terraces, and broad gravel walks in long vistas of distance are 
bounded by woods and by higher grounds. As yet we had seen 
no one, when part of the company came in view at a distance— 
a gentleman of advanced yearn and two young men. Was it 
possible not to think of the groves of the Academy and the borders 
of the HvBSus ? We approached this group, when the elderly 
gentleman took off Ms hat and advanced to give Ms hand to 
Dalton. It was ^rthollet. The two younger were Laplace’s 
son and the astronomy royal, Arago, Climbing some steps upon 
a long avenue, we saw at a distance Laplace walkmg uncovered, 
with Madame Biot on Ms arm and Biot, Fourier and Courtois, 
of the MamMoness I^place. At the front of the house 
this lady and her granddaughter met. At dinner Dalton on the 
ri^t hand of Madame I^place and BerthoUet on her left*, etc. 
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rv the zcdiac of Denderali and Egypt (Bertnoilet 

o„i F;nr:er Livinj bren in Egypt witn bCapcleon), tne difierent 
^0=1^ Eonotii!: ^intnre, the fact that so little at Eome—of 
nnn: " in:--'n::n'—is ^rlier than Augustus, etc. After dinner 
‘ j;::: A: 11 in the beautifui gardens and along the reservoir 
.n::: r ::rdn n c: Julian, These ancient works, after falling very 
— ; i n* d>;a", Were restored by Mary de Medicis. Dalton, 
vrhhinr Ah Ai^nAre cn one side and Berthollet on the other, I 


D-h:: n also made the acquaintance of Cuvier, and was much 
rtruch bv his interesting and attractive daughter Clementine, 
whose niemorv he cherished ever after and whose early death he 
deepiV j.amentea. 

The one nivsica! defect from which John Dalton sufiered 
wns discovered by himself. The story goes that, returning on 
some occasion from Kendal, he carried home with him for his 
mother a pair of silk stockings which he had seen in a shop- 
window iif Kendal. "" Thou hast brought me a grand pair of 
hose, John, but what made thee choose such a colour ? I can 
never no to meeting in them. Why, they are as red as a cherry.” 
K^irher he nor Ms brother Jonathan could perceive anything 
nb:ut them but a sober drab well suited for a Quaker habit. 
This tack place when he was about twenty-six years of age, and 
it seems remarkable that he and Ms brother should have lived 
so long without discovering tMs peculiarity in their vision. 
Dalton read a paper on the subject of colour vision before the 
Ehilosophical Society cf Manchester in 1794, and the defect 
having been found to be more commonly prevalent than had 
been supprsed, many investigations imve taken place since that 
day. It is obvious that the confusion of red with green would 
be seriously objectionable in a seaman or signalman on a railway. 
The Board cf Trade has instituted a series of tests for persons 
entering such employments, and a proper examination is or 
ought to be compulsory upon all. 

It may be ima.^ed that Dalton's defect of vision and h^ 
Quaker habits and opinions were often sources of embarrassm^t 
t > nis fiiends if not to himself. Thus in 1832 he recMved at 
Osf ord, together mti Faraday, Eobeit Brown and Sir David 
BraWiter, the honorary degree of D.C.L., wMch required him to 
wear for the occaden the doctor's scarlet robe. However, 
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You call it scarlet,"' said Dalton: " to me its colour is that of 
nature, the colour of those green leaves/" The same gown 
came in useful when he was presented to King William IV.: 
Court dress would have involved wearing a sword, which he 
refused to do. but the doctors robe concealed all that in the eyes 
of the Court would have been regarded as irregular. 

In 1326 the Royal Society awarded to Dalton the first of the 
Eovai iledals given by the Mng. and this afiorded to Sir Humphry 
Davy as President the opportunity of testifying to the high 
position held by the medallist in the esteem of the world of 
science. "" jIx, Dalton"s permanent reputation/" he said, “ will 
rest upon his having discovered a simple principle universally 
applicable to the facts of chemistry, in fixing the proportions in 
which bodies combine and thus laying the foundation for future 
labours respecting the sublime and transcendental parts of the 
science of corpuscular motion. His merits in this respect re¬ 
semble those of Kepler in astronomy.’" 

In 1833 the Government of D)id Grey granted a pension of 
£150 a year to Dr. Dalton and in 1836 this was increased to 
£300. The announcement of the first grant was communicated 
to Dalton by Professor Sedgwick in his address as President of 
the British Association delivered in the Senate House at Cam¬ 
bridge. In 1834 Dalton sat to Chantrey, the sculptor, for the 
statue destined to stand in the Manchester Town Hall. 

In the same year Ms brother Jonathan died, and the manner 
of Ms decline from paralysis seemed to foreshadow the end of Ms 
distinguished brother, for both survived the first seizure several 
years. The first attack, in the case of John Dalton, happened in 
ApriL 1837. Prom tMs he partly recovered, but on July 27, 
18^, the malady recurred and was followed by a peaceful death 
a few hours later. 

Dalton’s career illustrates in an interesting way the fact that 
independence of character may lead a powerful mind to con- 
cludons of the greatest importance, notwithstanding deficiencies 
resulting from imperfect education. John Dalton conceived 
and showed the application of the Atomic Theory to chemical 
fects. That Ms own estimations of the atomic ratios of the 
chief elements were far from exact seemed to have little weight 
with Mm, neither does such a fact diminish the merit of the 
conception. All subsequent developments of the science of 
Chemistry have been dependent on the idea, and no one now 
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GAY-LL'SSAC 

lii ii Ox Cuiii£)in£Lioii sino2i0 ^es€S &lr6£(iv r^fciT^^d to 

■sras discovered _ by the French chemist, Gay-Lussac. The 
course of lus scientific work corresponded in its early stages 
nearly to that of Dalton, inasmuch as he began rrith met<='o?o- 
logical observations, though of a much more shovvand adventmr- 
ous character. 

Joseph Louis Gay-Lussac vas born on September 6. 1778 
at St. Lfenard, a smah torvn in the department of ^henne near 
tae Dorders of Auvergne, vrhere his grandfather had pract’s-^'d 
medicme and his father held office as Procureur dn Roi T-he 
revolution of 1789, which broke cut while he wa=: yet a'>hild 
obliged his parents to keep him at home during all the years 
«iieii lie wcu-a nave been receiving in better tim^s a 
education. It was only in 1795, when he was more than siie^n 
years of age, that it became possible to go to Paris to berin his 
guches and to prepare for the examinations for admissioiTto the 
Ecoie Pbi V cechnique. Lniortnnatelv a great scarcity liaving 
arisen, M. Lavouret, the head of the eltablishmert he had 
entered, found himself obliged to dismiss all b‘s hoarde’-s H-- 
was, however, transferred to the care of M. Censier. whose 
estaDiisnment^ for some time at Kantene and afterwards at 
eiijoved ::uine aavantages or wliicii the ■DensiGns in thf^ 
capital were at that time deprived. But difficulties in ohtainin^ 
fma soon reached the Censier’s family, and the boarders werl 
dispersed. Gay-Imssac had happily attracted notice alike 
oy his talents and his amiable qualities, and he was retained 
almost more in the character of a son than of a pupil. 

As dlustmtinu the hardship to which the family was at this 
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tin:- :r tnat OMdame Censier. who kept two 

c. in Lvr n^rden, carried the miik every night into I%ris in 
^rd r:. i di it, tat the reads were unsafe she was accompanied 
bv -• /:nr na”-Lu—ac armed with a big sabre. On the return 
^ - erneV. nhi U wrs accomnhshed ii: daviight, the bov occupied 
Lirns h at rbe bnrem of the cait in studying geemetrv and 
n:r'’.n^ in m'^rmticu icr the approaching examinations of the 
I' i y .nnhv. He found himseh therefore readp to enter the 
A.de ?cl ue unique m the end cf 1797. and in three years'time 
h.- /nrin-i u uu-t in the service of the “ponts et chaussees 
i:-to whici: the best students then necked. 

Berrh diet was at this time prefessor of chemistry in the fieole 
F.ivteehnioue. He noticed the activity and intelligence dis- 
uiay-d by his uapih and Gay-Lussac became his demonstrator. 
iruv-Lu?-ae aiso assisted Feureroy. Soon afterwards the 
proMssor carried him on to his private laboratory at Axcueil, 
wh-re, surrounded by oil necessary appliances, he was occupied 
i:i werkinn at his ideas ecneeming chemical statics, stimulated 
by the dully visits of Ms friend Laplace, whose residence a little 
kr er adjoined his own. It was under the influence of these two 
men that hay-Lutsa? commenced his career. 

He was thus led to derate himself to that field of research 
common to physics and chemistry which had already been 
partly espkred by Dalton. Accordingly in 1802 he published 
in the de Ms first essay on the dilatation of gases 

and vapours ; then immediately following this work he engaged 
in a series cf researches on the improvement of thermometers 
and barometers, on the tension of vapours and their diffusion 
into pses, the detemanation of vapour densities, the laws of 
-vipcratitu. hygnmwij, and the measurement of capillary 
ru ,tu A:: "jutitunity then offered for the utilisation of the 
he had ebtained of these subjects. He was com- 
nh-rio:, d, rcg_tb:r with Ms friend Biot, to make a balloon 
O'-unt ::: c:.k-r to find out if iz was true, as supposed, that 
ruaru ui: ioru^ s were no longer exerted at a distance from the 
H the earth. They esrabiished the fact that, on the 
: u:;..r 7 , magnetic effects continued undiminished up to an 
:. - vamcn - i 4 vCL metres. The balloon employed was too small 
:: ne :a: a t. ? carrymg the two men together to a greater elev^- 
tuuL. v.--.y-n >-a? :h-rcon made a second ascent ahm, and 
i ‘ o: 7.000 mures, the Mghest ever attained 
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up to tuat tiuio. He ecuirmed tie prericus observation of 
the persistence cf magnetic forces, and he brought back samples 
of the air of inese elevated regions, which when submitted to 
anaijsis were found to nave the same composition as the air at 



ohS: 



surface ci the eamh. He 
irvations which established 
p?rature and moisture dur: 
bt that the results of these 
anee cn anvthing previous: 


‘ also made a series of valuable 
the gradual reduction of pressure 
mg his ascent. There can be no 
observations represented a great 
y miGtsm in respect to the atmo- 


spiiere. It was, iiowever, necessary to determine more esactiy 
the principal properties of gases. Thus the co-efficient of e:^ 
pansion oi gsses as aeter min ed Dy Pray-Lussac was more exact 
than that published by Dalton, but was still far from the truth. 
Like Dalton, he also adopted the erroneous idea that the ex¬ 
pansibility of all gases was the same, and he further supposed the 
eo-emcient to be constant, whereas it varies yuth pressure and 
temperature, though admittedly only to a small extent. Sup¬ 
posing a mass of gas to have unit volume at 0® C. under mean 
atmospheric pressure and it is then heated to 100^ G. under the 
same pressure, the volume becomes, according to Dalton, 1-3912, 
while according to Gay-Lussac it is 1-3750. Later experiments 
by Eegnault and others have shown that both these figures are 
too high. Possibly Gay-Lussac himself realised that^with the 
knowledge and the appliances of his day such researches could 
be carried successfully no further. 

In 1805, by the friendly intervention of Bertholiet, Gay-Lussac 
was released trom duty lor the purpose of accompanying Alex¬ 
ander von Humboldt in his travels into Italy and Gerinany. He 
took with him an outfit of instruments for magnetic and meteor¬ 
ological observations. Starting from Pans on March 12, 
1805, and jessing over Mont Cenis and by way of Geneva, the 
tmveilers reached Rome early in July. The society of his 
distmgoished companion, not long returned from his famous 
travels in the American continent, was of course a great ad¬ 
jutage to the young chemist. Moreover, he then for the first 
time beheld the wonders of Alpine scenery. In Rome also, in 
the hou^ of Wilhelm von Humbolt, who was Prussian Minister, 
ne enjoyed the society of artists and savants, and even had the 
^ chemical laboratory where he discovered the presence 
of fluorides as well as phosphate in the bones of fish, 

^ioon after tim von Humboldt and Gay-Lussac, in companv 






:r ^colodst. proceeded to 2CapIes. 
r ?or:e t::oie in e quiescent state, 
.end Gap-Lnssac had the “happi- 
^sien cf cne of his companions, to 
■mmdcns earthcnakes ever known 
avins sin limes for the purpose of 
:t:-mh-r fTm th- three friends left 
cn the ddnd, and after a few 
: Xhcn the” visited Tolta, thcncrh 
nndinn him. liaonq as he did in 
'Tthard, where the pleasure antici- 
cvcnri'ence of feu, the travellers 
* of iKbveniDer. Gav-Lussae was 
Humboldt all the winter, and re¬ 
ef 1806, and soon afterwards was 
tute. 




In 1 Hh Berthe het formed a -n^ciai seientihe society composed 
s. verv small number cf m /um^rs which was known as the 
'Mi mJro'nfn from th^ name of the commune near Paris in 
:eh wo- sir not ?d his country residence. Gay-Lussac was 
0 " rth - fh w memheis and the first volume cf Memovres issued 
the so-iwy eommenees with a record by Gay-Lussac of the 
lit- cf all the mornetie observations made in concert with 



during- their recent travels in France, Italy and 
The second volume of 21emoires contains a paper on the 
;n ":g.:=“rru::ng themselves. It had been known from 
thin- thit 1V h" non eomhines with about half its bulk 
and Cavendish's experiments rendered it certain that 
::o between the volumescfthe eombining gases in this 
a: tly *2 1 o 1. at any rate that the observed difference did 
th- amount fairly attributableto errors of experiment. 
0 or served that correspondingly simple relations exist 
:wc coses are found to combine together elieimca]ly. 
nus=ac rre veoi that two volumes cf carbonic acid are 
tne union ci two volumes of carbonic oxide and one 
exycen. a.so that hydrogen and chlorine unite in 
::w? onu nv£rcchloric acid and ammonia also in equal 
ell- also snowed that two volumes of ammonia are 
w c:.- vo-ume of nitrogen and three volumes of 
ana ni many similar emses a like simple proportion 
r 0= Tvecu Pur-nmgthe idea, he presented it as a 
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Aco--t tLs 


CilSIliicO 


■ time br£T i^us^ae, assceiatea vnxji ineatra. 
:y irmch the metais potassium and sodium, 

::y riie :-ivC-trviyrie method of Dett. 
consisted in the deceinpositicn of melted 
aieans of inc-andeseent iion. For £ftj years 
^al nroeess hv trhieh irOtassiuin and sodium. 




rarbonates mined Trith carbon at a him 


duction of these 


aiversailv empioyed in 
etals. but it is interest: 


12 to note tii£ 


the 


invention of the clvnamo and the development of electro!vtic 


methods applicable on an industrial scale has led to a return to 
the simple process discovered by Davy. The process of Gay- 
Lussac and Thenard, however, was at that time more productive 
than Davy'S and thus the remarkable properties of the metals 
potassium and sodium could be more conveniently studied. 
One of the first results obtained by Gay-Lussac and Thenard 
was the isolation of the basis of boracic acid, which they de¬ 
nominated bore, or, as it is now called, boron. 


During 1808 and for some time there was active rivalry 
between the French chemists and their English contemporary 
alike in experimental research and in theory. The nature of 
potassium and sodium, for example, was the subject of difference 
of opinion in which ultimately the French chemists, who sup¬ 
posed these metals to be hydrides of the alkaline oxides, admitted 
that they were wrong. Similarly the French chemists, in adher¬ 
ing to la^voisier^ view of the nature of oxygen as the only 
acidifying principle, and neglecting Davy's experiments which 
proved that chlorine (then called omm/uricmc acid) contains no 
oxygen but is entitled to be ranked among the elementary sub¬ 
stances, found themselves again obliged to change their theories. 
The establishment of chlorine among the elements proved an 
important guide in the study of the interesting new substance 
discovered later by Courtois, a French manufacturer, in the 
mother liquors left after the extraction of soda from seaweed. 
This substance was brought under the notice of Gay-Lussac, and 
on December 6th he read a short paper to the Institute in which 
he described the chief properties of the new substance to which 
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the nemo iode {Engiish iodine). A foitniglit later he 

About this time, as alieadv related. Sir Humphry Davy was 
in Peris, ani havhtg beecme possessed of a small quantity of the 
r.:*w sub'trnce through the agency of Ampere, he set to work to 
enrmino it. and at the request of his friends among the French 
chemists, he read a note to the Institute in the interval between 
Gau-Iai'sach two communications, in which he gave the result of 
ms'ch'ervations. including the recognition of the fact that the 
arid ferro vd by the uew substance was not muriatic acid, as had 
bsen previously suppesed. The analogy recognised between 
iedine and ehicrine arorded much assistance, and the chemical 
Li^t my and ehameteristics of iodine were fully established in the 
:/dew:ii2 year, by the masterly work of Gay-Lussac. Here was 
ais j an onuoixunity for the application of his law of volumes, 
whereby it was possible to calculate the density of the ^^pour 
cf iodine which was not then known, and this bold speculation 
was subsequently connxmed. A year later, in 1815, Gay-Lussac 
in his researches on prussic acid discovered cyanogen, the first 
known compound radical. This substance, in forming com¬ 
pounds with metals by the interaction of prussic acid and 
metallic exiles, reveals its analogy with chlorine and illustrates 
farther the inadmissibility of I^voisiei’s views about acidifying 

Cfay-Lussac became in 1809 professor of chemistry in the 
Ecole Pdlyt€chiiqu£ and at the same time professor of physics at 
the Sorbonne. He subsequently held many public offices, and 
in 1SS2 he relinquished the chair at the Sorbonne to take the 
prefessorsHp cf chemistry at the Jardin des Plantes, In con- 
with his cmeial work, for example, in his later years as 
as saver to the Jilint, he was led to devote much time to the 
prumica: applications of science. For example, in the manu- 
:a:ture o: -ulphuric acid by the Chamber process he introduced 
tne use or tie tower which has always borne his name, for the 
purpose of absorbing and utilising the oxides of nitrogen which 
ct u£ rwise puss mto the air and are lost. He may also be regarded 
us rua originator cf volumetric analysis, for in lieu of the cupella- 
r:cn proci-ss universally employed up to that time in the assay 
or suver ne introduced the wet methodby which greater accuracy 
and saving of much time was secured. 

unv-Lnssoc^ great talents were devoted uninterruptedly to 
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e ci science alike in his earlier years, ivlien he was occu- 
h the eztensior: of knowledge, and in Ms later profes- 
:e wnen the duties of the several offices he held required 
:-d attentiGn. 


Yit have already seen (p. S5) the high opinion of him 
expressed by Davy. As a teacher he employed a clear and 
simple language always adapted to the subject under discussion. 
He was acquainted witJi tiie German and English languages, and 
took care to read assiduously the publications relating to physics 
and chemistry in toreign countries. Few chemists who pursue 
industriously experimental research escape without accidents 
more or less senons, and Gay-Lussac was the victim of several 
misimps is the labcratcry, of which one explosion in which 
potassium was concerned nearly cost him his sight. Those of his 
friends who were familiar with the cool reserve of his ordinary 
manner found it difficult to believe that in his boyhood he had 
been turbulent and adventurous. He used to tell stories of 
escapades in which he was the leader, and of which the robbing 
of an orchard was generally the object. 

The story of his marriage is full of romance. At the beginning 
of the Revolution in 1789 there lived at Auxerre a musician 
attached to the college in the town. On the suppression of these 
estabiishments in 1791 it became necessary to educate his three 
daughters with a view to gaming their living as teachers. But 
the eldest. Josephine/ in view of the family difficulties, preferred 
to take a situation in a linen-draper’s in Paris, and there Gay- 
Lussac made her acquaintance. The young lady behind the 
counter he noticed to be reading attentively a small book which 
on enquiry turned out to be a treatise on chemistry. iSaturally 
the mterest in such a subject displayed by a girl of seventeen 
excited his cimosifey, and something more, for his visits to the 
snop became more and more frequent and in the end the young 
lady accepted Ms offer of marriage. Gay-Lussac then placed 
her in a school in order to finish her interrupted education, and 
is no long time, namely in 18)8, she bec-ame his wife. The 
tender sympathy subsisting between Gay-Lussac and Ms wife 
durii^ forty years controlled so completely their actions and even 
their habits as to extend even to their handwriting, and in the 


* The femiiy iiame is not giv^ in Amgo's bic^mphic notice of Gay- 





ivirn icfpirt ;i!.d adinzid'ioi. to.tlie career of tins distinguished 
man. He cnea cn Mar 9. liZO. in ms seventy-second year. 



CHAPTEE X 


FBOUST 

The name of Pboust is not so familiar to rlie modern ciiemical 
student as Ms great services in Peiping to lav tPe foiindations of 
fact necessary to the establishment of chemistry as a branch of 
science, when recognised, wonid lead us to expert. For it was 
by his experiments that the fundamental principle of constant 
proportions in chemical combination was brought to such a 
position as to be generally recognised. It appears now to be 
obvious that the assumption of a constant composition in many 
compounds was indispensable in the various analytical processes 
practised long before the end of the eighteenth century. It was 
known, for example, that there a constant relation between 
the quantity of an acid neutmlised by a base, and the quaritity 
of the base required for the process of neutralisation. Such facts 
had been published by two German chemists, Eichter and Wenzel, 
long before the end of the eighteenth century. Their results, 
however, had been obscured for a long time by their retention of 
the phlogistic doctrine, wMch, as already mentioned, enveloped 
in fog so many writings of the time. 

Joseph Louis Proust was bom at Angers in 1755, the sen of a 
mamaden of that town, and in Ms youth was destined to follow 
his father's profession. He therefore began Ms studies at home, 
and in due time was sent to Paris to complete Ms training under 
the direction of il. Clerambourg, an apothecary of repute at that 
period. He devoted himself with enthusiasm to the study of 
chemistry and the practice of Ms art, thus recalling the early 
career of the illustrious Swedish Miemist Scheele, only a few 
years senior to Proust. The position of cMef fhanmdm at the 
hospital of &lpSui^ having fallen vacant, Proust was 
apjKnnfced to the post and thus ^ined the means not only of an 
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tte fore? of clnimcal affinitj. like that of gravitj^ must 
be p,p:rt:v-:e- to ihe masses of the acting materials, and 
the composition o: anr given chemical compound might there¬ 
fore varr acccrdiag to the circumstances attending its formation. 
Scon after me beginning o: the nineteenth centiirj the number 
of case- in “hich elements vere found to unite together in definite 
nrcptrti^ns 'oas grtdtiahv increasing, and the observation of 
c-mtin-.nion in multiple proportions by John Dalton rendemd 
this dtcmint m'.re and mme associated with difficulty. At the 
sam- rime rnust. then pr nessor in Madrid, definitely took up 
the cmllenge implied in BerthoileUs work. Before the end <5 
the tright-enth century ?ic;nt had proved that carbonate of 
copper, whether in the form *of the riatiiral mineral or prepared 
airificiaily by precipiratitn. had urdfonnly the same composition. 
He showed a little inrthat the oxides of tin and the sulphides 
of iron were also definite in composition, and further, that when 
more than one compound is formed by any two elements the 
proportions increase by leaps and not gradually. He proved 
also that Berthoiletb analyses, by which he supposed that he had 
proved that metals can unite with gradually increasing quantities 
of csygen, were incorrect, as many of the substances employed 
were not definite in their nature, but consisted of mixtures. It 
is remarkable that, having established so many facts, he did not 
take the one further step which would have led to the discovery 
of the law of multiple proportions. Up to this period composi¬ 
tion had generally been recorded in percentages, but when one 
element is taken as a fixed quantity it is found that the other 
varies acccrding to a simple rule. Thus in 100 parts of red 
ccpper oxide there are 88*8 parts of copper with 11-2 parts of 
oxygen, while in tne black oxide 79-87 parts of copper are as- 
srelated with 20-13 parts of oxygen. In the red oxide, there- 
f me. I part of copper is combined with -126 part of oxygen, and 
in the olaok oxide 1 part of copper is united with -252 part of 
oxygen, it is evident, therefore, that in the black oxide the 
amount cf oxygen present is exactly twice as great as the amount 
cf oxygen in tne red oxide for every unit weight of copper. 
Tms aiseovery was reserved for John Dalton, as already ex¬ 
plainer, ann tne prnicipie of definite and multiple combination 
was acmuntea for cy n:s Atcmie Theory. 
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It h&s already been mentioned tiat tbe Atomic Tneory intrc- 
dueed by Dalton was accepted by tne caemical world only 
gradually and almost reluctantly. Perhaps this was partly 
attributable to tne lack of esnct experimental evidence, for 
DaltonA own work was crude and the combining weights of the 
elements assumed by him from the results of his own experiments 
were very far from the values established later. The general 
recognition of the doctrine was, in fact, chiejSy due to the 
laborious investigations cf the great Swedish chemist Berzelius, 
by whom the quantitative as distinguished from the qualitative 
era in chemistry may be said to h^rve been inaugurated. 

Jons Jacob Berzelius was bom in 1779, and was thus about 
thirteen years younger than Dalton. 

An autobiogmphy has come down to us written originally in 
Swedish, but tmnslated into German by Fraulein Emilie Wohler, 
^ughter of the famous chemist of that name, who had been a 
pupil of Berzelius. From the preface to this work we learn 
that the Statutes of the Eoyal Academy of Sciences of Stockholm 
require every member of the Academy on election to prepare a 
biography of himself and to bring it up to date every ten years, 
jjie author explains that he fulfilled this duty to the end of the 
year 1840, and that what he has composed is obviously much 
in excess of the requirements of the Academy. This is very 
fortunate, for the autobiography not only corrects some mis¬ 
statements proceeding from ether sources, but contains many 
details of great biographical interest. The whole occupies 
about 112 pages, octavo, in No. vii. of Efahlbaum’s Monografhs 
from the EiMory of Chetniatry. dated 1903. It has never appeared 
m English, but the following pages contain a version, necessarily 







z:an of esemplarv eiiaracter and was a good 
oHiiren. He had two sons and tbiee daughters 
rriaae, and they all liTed happily together till 
Ler died, and cne of her sisters. Flora Sjdsteen, 
•are of the hcnse and the children. Ekmarck 
Ekeby, where the education of the children was 
y by a tutor named Haglund. and partly by 
d. who seems to have encouraged them in the 
esnedally of plants. He sometimes said to his 
). thou hast talent enough to follow the foct- 
s ; fear Gcd always and thou will do so all the 
rhese words of praise, however, had the eneet 
?y to fancy that something great was in store for 
,eh enertion on his part. 

aunt who was keeping his step-father’s house 
marck entered a third time into matrimony, this 
ow who already had a daughter. Under these 
Berzelius and his sister were taken in by their 
Dsteen, who had seven children of his own. This 
inhannv one. for althoush the uncle made no 



ment ci tne nephew anci Jiis own cmidren, 
niy unruly but unfriendly to their cousin. 
= was sent with the rest to the linkoping 
e made rapid progress, but the nest year, 
he obtained a post as tutor in the house of 
g. Of the two sons of the farmer one was 
re age as Berzelius, the other a year older, 
med to learn the catechism, their young 
■ time. He found Ms former beloved tutor, 
called Mmself Hag^, at a neighbouring 
n in collecting plants and especially insects, 
d loo tod forward to becoming a clergyman. 
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like iiL fiitkii: bis grandiatb^irr, and bis great-grandfatber. biit 
bis studies in natural bisrory now led bim to tMnk of tbe medical 
profession. Dining tbe greater parr of tbe year be spent in tbe 
bouse 01 tbe farmer be worked cn tbe farm. In winter be 
obcpped wood and brougbt it to tbe bouse. This, as be says, 
was a mean business, because tbe vrcod, wMcb could not be 
bouabt in tbis treeless district, was taken unlawfully from tbe 
common stock. Eis own room wouid not bare been beated in 
tbe Trinrer but for tbe tact tbat it was necessary to keep tbe 
frost from tbe pctatces wbicb were stored tbere. 

In bis spare time be worked at a translation of Virgirs 
and tbis was useful as evidence cn his return to tbe 
Gymnasium tbat bis studies bad not been neglected. His bealtb 
benefited greatly by tbe air and exercise on tbe farm, and be 
returned to school in February. 1795, with unexpected develop¬ 
ment of bis previously slender and unbealtby frame. On leaving 
the farm be received four Eeicbstalexs and a pair of woollen 
stockiiigs, of wbicb be “ stood greatly in need.’’ 

At tbe Linkoping Gymnasium tbere was at tbis time a new 
and energetic teacher of natural bistory, C. F, Hcrnstedt, under 
whose influence Berzelius made great progress in knowledge of 
nature and in power of observation. He soon belonged, as be 
says. ”to wood and field rather than to town and scbooL” 
Fcrtimately only tbe morning and evening hours were generally 
productive of specimens, otherwise tbe fascination of tb^ 
pumuits, especiaiiy with tbe gun, would have cost bim many 
hours of school instruction. Tbe somewhat careless use of the 
gun and tbe mere fact of carrying it contrary to rules of tbe school, 
brougbt down on bim tbe displeasure of tbe authorities, who 
looked unfavoumbly on bis natural history pursuits and per¬ 
secuted tbe teacher by whom be bad been encouraged. 

In tbe winter of 1795 Berzelius joined some of bis comrades 
in forming a literary circle in wbicb their own compositions in 
ruose or verse were read. They were visited by Bishop lind- 
blom and from bim received approval and encouragement, which 
were useful to Berzelius asan Abituiient on joining tbe University. 
Tbe rector bad stated on bis eertmcate tbat be was ’* a young 
man of good abilities, but bad babitu and doubtful ambition, 
and dialed bim with having wasted sixty-three hours of tbe 
sem^ter. Here tbe Bishop spoke up for him and dismissed him 
with words of enconmgement. 
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hi Septei-b::!. ITbb, Berz-Iius Wciit to Up;-ala hoping with 
liis snti: inheritinc5 to carry on to the end of the spring semester. 
This was insiuSoient, but after taking a post as private tutor for 
a year- he was reoalied to the University with the oner of a 
sohoiarshin. Th::^- with the small sum remaining of his own 
money, was all that he could reckon on for completing his 

In the autumn of 1795 he passed the medico-philosophica! 
enaminatiGUj non laude apr/robaius, though he had learnt 
so little chemistry at that time that he was only allowed to 
pass on the strength of his performance in physics. 

His oldest half-brother, Lars Kristofer Ekmarck. had been 
at the University two years, and having become interested in 
electricity he helped Berzelius to make experiments. The two 
young men obtained Girtanner's Arifmgs Grmde der arm- 
pJdogmUohen Cmmie. This was the first German text-book on 
the new system, and appeared in 1792. So far the two students 
had never seen one of the phenomena about which they had 
read. Bmzelius accordingly applied to the professor, Johan 
Afzrlius, for permission to work in the laboratory. What he 
wanted to see was how to prepare and collect a gas, and the 
burning of carbon, phesphcrus. iron, etc., in oxygen. The 
rrcress:r, who had but little inclination for the new doctrines, 
put cbsTicles in his way, but ultimately left him to his own 
devices. 

In the following semester Berzelius rented a student's apart¬ 
ment having a small window! sss rcom adjoining with a fireplace, 
anu nere us carried on experiments. One day,” he says, ‘'as 
i was mtsung fuming nitric acid and noticed some gas escaping, 
1 C-X,cctcu It Gv-rr water in some Dottles I had at hand, to find out, 
i: I CDum, what this gas was. I suspected oxygen, and seldom 
nave i nad a moment of sneh pure and heartfelt joy as when the 
g-cwmg spunt placed in the gas bnrst into flame, and lighted up 
—7 laboratory. On the next working day I prepared 
s-vemi Dotties of oxygen in which iron wires were burnt amid 
general gra:incat ion.” 

At tue oeginmng of 1799 Berzelius began the study of 
anatomy,jsnu tnis, oemg now the principal subject, required the 
greatest ^oiligence. Chemiary was his recreation in the daily 
Hours 01 ireeaom. in this direction, however, he got little 
cacoarag-ment. rus unel--. Daniel Berzelius, an apothecary at 
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JonkoDing, refused Ms request for admission into Ms pharmacy, 
and rheuru invited to stay vath Ms aunt. Flora Bromander, in 
Brsnima, her hushand, a man of business who had begun life as 
a cattle-dealer, had lirtie symnarhy w'ith a mere student, and 
scan eent Mm on to an ancth-cary. WesseL in Vadstena. He 
found that there was bur littM t«; imin in the pharmacy. Here. 
bowever. he made the acquaintance of an Italian glass-blowetj 
Joshua Vaccarm, whom h _ descnbco as a good-natured oldfellow, 
and from Min hr learned to blow glass and to make barometers 
and thermometers. After a month he returned to Bronmia, and 
bv the introduction of Bromander he became assistant to Sven 
Hedin. physician at the Jledevi Springs, and there he remained 
during two summer seasons. He took the opportunity to 
analyse the water of the nledevi and Loka Springs, the residues 
obtained by evaporation being carried to Upsala. This was Ms 
first attempt at analysis. Bergman's analysis of Medevi water, 
published so long before as 1782, was his sole guide, as he could 
get no help from Ms teachers. He desired to use the account of 
Ms analysis, which, with Ekmarck's help, he translated into 
Latin, as ms dissertation. After encountering various difficulties 
arising out of professional punctiliousness, petty formality and 
his own povertV, Berzelius at last obtained Ms certificate in May, 
1801. 

Just at this time Volta's discovery of the electric pile became 
known, and Berzelius immediately constructed one with sixty 
pairs of copper coins and zinc plates and took it ofi to Medevi 
with the object of trying its efiect on patients at the baths. He 
only succeeded in producing a beneficial efiect in one case, that 
of a soldier who had lost the use of one hand. His salary came 
to an end in June, but Dr. Hedin procured for him a surgical 
post with the aid of wMeh he proceeded to the licentiate examina¬ 
tion in the autumn of lie same year, and in May, 1902, having 
competed all the necessary preliminaries, he at last obtained his 
degree as Doctor of Medicine. It is net surprising to learn that 
so many disappointments, so much hard work and privation 
were followed by a serious illness wMch for two months put a 
stop to his activities. An illustration of the difficulties en¬ 
countered by a student such as Berzelius is provided by the 
story of a paper he had prepared on nitrous oxide, then a enm- 
jm'atively new substance. Having placed it in the hands of 
Pre^essor Af^lius to read, it was sent on to the College of Medicine 
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a::i tieac-1 j tie A^rademy of Sciences. Tliree years later lie 
i-arnei f:c:n tne seererary that the Academy would not publish 
the prru because "they did ugi approve the new chemical 

Ou Lis r.:cov-iy from illness Berzelius proceeded to Stock- 
L im, wLur he was ouered a couple of rooms in the home of 
W. vru Hidrm^r. wLv ioiued him in experiments on the chemical 
a?::o::s o: :h- n:ie, A import of this work in their joint author- 
.diit: arncure:: in ffcbAnA Journal der Chemie early in ISOS,* 
a::i erumiurd an -rxer—sien of views which formed the basis of 
the theory c: ehemical combination made use of by Berzelius 
at a later time. An attempt to gi re a series of scientific lectures 
idi!-d fur want of subscribers, and an attempt to manufacture 
mineral waters vus ecualiy unsuccessful commercially. Medical 
practice at the Springs yUIded only a small income. 

In conjunction with his friend Hisinger he made the dis¬ 
covery of the new element cerium, but appears to have been 
antidpated by Eiat r:th. who had given the name'" ochroiterde ” 
to the new --.rth. However, Berzelius refers to the fact 
that he and Hising-r had enjoyed "the triumph of having 
described its character more correctiy than the greatest 
analytical ehemiA in Europe.'' In those days a distinction was 
made between an earth and a metallic oxide. The mineral, thus 
made for the niA time a sulyect of analytical study, has had a 
! mg suhs^ruent history from which the difficulties of the research 
are obvious. 

In Stccknrim Berzelius describes his life as somewhat solitary. 
His friend Werner, with whom he had been associated in the 
nrreinpt to establish a mineral-water business, and in whose 
douse he resnied. lor some time, was never at home at meal thn^ 
ana Uv’sei very mucii in tne various clubs to which he belonged 
nnu to wtich ne was ready to introduce Berzelius. Wern^ was 
n j man o: cusmess, and an attempt to establish a vinegar factory 
r-uAea in ms Danmuprey, and involved Berzelius as surety for 
- :ans to emer from the bank in a debt which it took hiin ten 
y jars to pay cfi. " I was, however," he says, ‘‘ not discouraged; 
i rcUrOtou as usua*, Kommt Zeit, kommt Rat." (Things will 


* ims nasi fce a mistake as GmkrCg Journal began in that 
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In 1S05 he undertook the anaijsis of the water from the 
Adoiibergsori^p and received from the companv a liberal fee 
wiucn enaoma hnn to make an excursion to Fahlun, where he 
made the acquaintance of Gahn, the mmeralogist. and to visit 
:he ^iron works and min^ in Dannemoia. The waters he had 
unaiysea presentea novel points of interest in the presence of 
potassium and manganese carbonates, and the evolution of 
con5iaera.Die quantities ci nitrogen gas. He was, however, again 
uniuckv m oner of a paper on the subject to the Academy of 
tjci^ces, and he resolved to send no more papers to the Academy, 

Maviiig uiiSuccessfuJiy contested tJie secretarvsiiip of the 
Medical College, Berzelius w^s in 1806 apnointed Reader in 
Unemistry at tlie Earl berg Military Academy in succession to 
Protespr Qaensui, who iiad died suddenly, and in t^nuary. 
pOU^he was ^pointed Ptofessor at the School of Surgery at 
btockholm, and as ne was able to retain the post of Armenarzt 
(physician to the poor at the Springs), he had now a tolerable 
income. The Medical College at this time had a house of its 
own. and Berzelius was enabled to carry on his pharmaceutical 
and chemical work with the aid of a grant of money from the 
state tor instruments and materials. He shared rooms with 
Dr. Pontin, his assistant, and fitted up the kitchen as a laboratory. 

In 1807 Berzelius had the advantage of spending a summer 
holiday of some weeks in the south of Sweden and in Copenhagen, 
where he made the acquaintance of the famous physicist Oersted, 
with whom he established a friendship which lasted through life[ 

For some time previously he had been engaged in the pre¬ 
paration of a t e^-book of chemistry in Swedish, to take the place 
01 tne German books previously in use. This was foliovred by a 
volume on physioiogical eiiemistry, and the whole ultimately 
expanaed mto iive volumes which were afterwards translated into 
German by Wohler. 

While worldly at this book his attention was attracted to 
Ricnter s researcnes on the reciprocal decomposition of neutml 
salts and the resiAing neutrality of the products. This was the 
stanmg-point oi tiie researches on chemical proportions to 
wmcn tne ^eater part of his scientific working life was devoted. 
His nrst experiments were not very successful, owing both to 
want of experience and lack of apparatus. There was but one 
p^tmum capsule in aU Sweden, and this belonged to Hisinger. 

It was too heavy for hk balance. Berzelius, in his autobiography. 
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las 

dt-jcrib;^ ;r. dc-tuii tie difficuities lie encountered and horr ttev 

Wirr^- OVtrrCOIH f. 

Kii pcsitic::, in rlie ineantime, Md considerably improved. 
The Academy o: Scivziees bad determined to issue a Journai 
under tn- lititr Anndlen to wMcn Berzelius ivas 

invited to contiibnte articles, eitner original or translations, for 
Vvnien n iibera: boncraiium was ofiered. In the second year of 
its eniftcnce it was under his editorship. But a more important 
event was the establishment of the Karolinisches Medico- 
Chirurrisches Institut on the reorganisation of the medical 
scno:! to which Berzelius was attached. This resulted in the 
creation c: several new professorships, in consequence of which 
he was released frcin the necessity of lecturing on medicine and 
surgery, while retaining chemistry and pharmacy. 

He was now in a position to give up the post of doctor to the 
poor, and so get more time for scientific work. A mishap un- 
fortuuateiy oceuried which might have put a stop to it for ever. 
In the attempt to recover the metal from some fulminating gold 
an explosion occurred which so damaged his eyes that for more 
than a month he was confined to a &rk room, and long after 
sufieied in tie right eye. 

In ISOS Berzelius was elected an ordinary member of the 
Academy of Sciences, and from February to August he held the 
office of president. 

The sudden death of the Crown Prince, Karl August, in 1810, 
Lad led to the suspicion that he had been poisoned. This was 
folic wed by an encuiry in which Berzelius was involved, and the 
waste c: much time. He had reported that there was no evidence 
ci pcisoning, but in c onsequence of the unsettled state of Sweden 
a: that time the matter remained a subject of suspicion both on 
tne part cf the populace and the authorities. 

in loll he became member of a committee which lasted till 
on the production of saltpetre. This brou^it him a sub- 
sruutiai additicn to ins income and a further increment on 
r enwng tne joint secretaryship of the Academy of Sd^ces. 
ine lUttei involved the renunciation of his vow to send no more 
papers to tne Academy, one of the conditions of appointment 
D-ing mat the results of Ms work should be communicated to the 
Academy for publication. 

By tms rime Berzehos had many correspondents in fordgn 
eoiiitries, among the rest BerthoUet and Davy. The former 
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him invitation to Tmis, and fund^ for the expenses of the 
Jonrnev vrere promised by the Crown Prince (Bernadotte). 
Before he was ready to stair, however, war broke out between 
Swed-n and France. Berthoilet sent him a passport, but at the 
wish of the Clown Prince the projected visit to France was aban¬ 
doned and an excursion to England substituted. At the end of 
June he landed at Harwich and ariired the same evening in 
London. Except Copenhagen, Berzelius had previously never 
visited a foreign country, and he spoke but little English. 

Davy was then the most famous chemist in Europe, and the 
chief object of the journey to England was to make his personal 
accuaintance. Davy seems to have received him rather coolly, 
and the impression at first conveyed by his reception appears to 
have been that Daty, hawng been recently married to a rich 
widow and at the same time created a baronet, was assuming 
mther oSensive airs of superiority. However, after a call at the 
laboratory at the Royal Institution the visitor found Davy’s 
attitude changed and he became the ''ganz vertraulicher 
kamerad'' expected. Daty gave him an introduction to the 
Astronomer Royal, Pond, who with the representatives of the 
Royal Society were assembled at Greenwich for the annual 
insp/ection of the Observatory. Pond introduced Berzelius to the 
company, among whom he made the acquaintance of many 
of the most important members. At the luncheon Berzelius 
found himself seated between the two secretaries, Wollaston and 
Thomas Young, while opposite were Sir Joseph Banks and Sir 
William Herschei; the rest of the guests were known to him 
by their more or less distinguished names. “ This day,” he 
says. was one of the most memorable days in my life.” On 
retuming to London he found on his table a note from Davy 
thanking him for Ms remarks concerning the work on chlorme in 
which Davy had been recently engaged, and inviting Ms brother 
of science ” to Ms house for the next day. On arriving at Davy’s 
house he was conducted by the French butler into a room in 
which breakfast was laid. But he was left to MmseK sufficiently 
long to admire the prodigious quantity of costly articles of 
luxiuy scattered round the room, wMch impressed the Swedish 
visitor very nnfavoumbly. I^dy Davy looked in while they 
were at breakffist, but did not take part in the A long 

conversation ensued between the two chemists on scientific 
matters, especially conceiniiig some of the statements in Davy’s 
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E:ej}ie}:ts cf Chei^ikd Philosophy tien issuing from tie press. 
Berzslius expresses iis surisrnction tdti tie day ie tins spent in 
Davr's cornua nv. He recoxnisod in iim a genius witi unusimliv 
broad vietvs, bold and independent in opinion, and sirinjdng 
before no dimeulry m ‘Linking cut new meticds, %vLiIe ready to 
undertake any trouble in espeiiment. In regard to detail, 
Berzelius feit Limseli as mucL tie superior as Davy was in all 
tie rest. His amazing discoveries, based on profound con- 
sideraricns and carried out witi inexiaustible perseverance, iad 
raised iim to tie nigiest place cf icncur in the world of science. 
Berzelius tiougit that ie iad been tempted by iis weil-deserved 
x’tie and tie means now at Ms disposal to gratify his eagerness 
for distinction in another field in which his ambition would lead 
to disappointment. The man of science, he thought, would be 
honoured by tie world until it was discovered that ie unsuccess- 
fuliy sought distinction in society, and tien he would become a 
iaugiing-steek. 

This was, in fact, tie fate of tie great British chemist, and it 
seems to have been tie view of Berzelius that it was tie recogni¬ 
tion of these facts that led Davy to travel in other countries, 
where he migit hope to meet with other triumphs. At the time 
of Berzelius' arrival in England Davy had already started on 
this new career and was under its intoxicating influence. Two 
days after the interview Davy left London and Berzelius saw 
him no more. 

These remarks by the great Swedish chemist are severe but 
are not altogether without foundation. The simple life led in 
his own country, with small experience of such society as would 
be hionable centre ci lK)ndon. coupled with his 

ewn ahsorpticn in scientific pursuits, would probably have 
their influence on the view wMch such a man as BerzeKus would 
take of Davy's dreumstaiices and position in society. There is no 
aouct that Davy s marriage was in many respects unfortunate in 
tendmg to detudi him from the pursuits which had been pre¬ 
viously the cMei occupation of his Mfe. 

^ imt Davy thought of Berzelius can only be conjecture from 
tile bnei note composed by him among other notes on Lis con- 
tem^mnes among foreign men of science, and already quoted 
(see p. 

l^^kusutalised this visit to England to form many acquamt- 
Among the rest he mentions especially Alexander 
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“rio n.t riis 'practising? a- a pLysiciari in London and at 
the same time lecturing on cnemistrjat Guy^HospitaJ. He was 
a Swiss who had settled in this country and was the husband of 
jlrs. hlary Jlarcet, wei: known as a writer of popular books on 
scientific- suhiects early in the century. After attending Marcet’s 
i-ctures Berzelius acknowledged the important assistance he 
d^ri'ted from seeing the exnerfments with which they were 
illustrated, and 'which he utilised in his own teaching after his 
re'um home. Berzelius also visited Windsor, but he records 
his reeling that the most important part of this occasion 'was the 
visit to HerscheL who showed him his great telescope at Slough. 
Guided by the secretary of the Royal Instituticn, Giillemard, he 
also went to Cambridge, "‘wherek’ he says, “it 'was with a 
feeling of reverence I visited the room where Newton made the 
sreater part of his splendid discoveries.'’ 

In company with Smithson Tennant he made an excursion 
to Bristol and the west of England, and accepted an invitation 
into Hertfordshire from Sir John Seebright. Thomas Young 
also took him to his country house near "^rthing. 

After an absence of five months he returned to Stockholm in 
November, 1812, full of gratification at the results of his journey, 
although the Royal Society was not in Session and Sir Joseph 
Banks’ famous soirees were discontinued- He also carried back 
with him a large quantity of instruments and apparatus, and 
this enabled him to try many experiments which for lack of 
means he had been unable to accompHsh previously. 

On his arri-val in Stockholm he was appointed by the King 
Director of the newly-esta blished Academy of Agriculture with 
a salary, the appointment being conferred at first for three years, 
but subsequently for life. 

Notwithstanding the exchange of friendly letters bet^en 
Iferzelius and Daw, they did not always agree on theoretical 
mattem, and some of Davy’s English friends went so far as to 
attribute to the former the appropriation of Davy’s views. 
Berzelius 'wisely took no notice of these personal attaclm. 

Up to 1813 Berzelius in his researches on chemical proportions 
had not taken natural minerals into account. Silica had been 
previously classed with the earths, but Berzelius was now led 
to re^rd it as an acid and the silicates as salts analogous in 
constitution to alum. With this idea as guide Berzelius publish^ 
a small treatise on chemical minemlogy which was soon afterwards 
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translated into Englisli and into German. Sixteen years later 
the mineral collections in the British Museum were armn^d 
according to his system, and a little later the Royal Bomkr 
awarded him the Copley Medal especially in consideration of Im 
mineralcgical researches. Many new Swedish minerals were 
examined, and with Gaim's aid Berzelius acquired great skill 
with the blowpipe, and published a text-book which found its 
wsT into almost everw chemical laboratorv. 

hi the Tear 15x6 Berzeiiu:: was persuaded by Gahn. then over 
seventy years of age, to join him and some others in the purchase 
of a chemical works at Gripsholm. Berzelius was reluctant to 
yield, having already burnt his fingers as a consequence of 
attempting industrial enterprise: and as he himself remarks in 
his recoUeetionSj he had no talent for the industrial applications 
of science. The works were ultimately destroyed by fire, but 
one result of the examination of the sulphuric acid manufactured 
at Griphdm was the discovery of the new element, selenium. 

On the death of Ejaproth in Berlin, Berzelius was invited to 
succeed Mm in the prcfesscrship of chemistry and other public 
offices connected therewith, and to settle the remuneration, but 
Berzelius declined this nattering offer on the very natural ground 
that he was unwilling to leave his own country, where he was &ee 
to demote himself to science. 

During the winters of 1816-17 he had the satisfaction of 
teaching the young Crown Prince Oscar the elements of chemistry, 
and in tie evening the royal family often visited his house, 
where he was able to show them physical and chemical experi- 
msnto, 

Ts. later years his private laboratory was sought by both 
native and foreign students, and even mature chemists, among 
whom may be mentioned Sefstrom (teacher of chemistry at the 
Fkhlun School of Mines), Artwedson (member of the Swedidi 
Academy) and C. G. Gmelin (afterwards Professor in Tiibmgen): 
and at a later time Heinrich and Gustav Rose, Mitscherlich, 
Magnus (ail afterwards professors in Berlin). Moimiider ^ftei- 
warc^ pmlessor m Stockholm) and Friedrich Wdhler, the friend 
oi lueljig and atterwards professor at Gottingen. 

About this time (1818-20) BerzeKus’ health, owing to hard 
worir ana tne lack of fresh air and relaxation, began to suffer. He 
naa lor many years been subject periodically to pain in the head, 
wmch he mther curiously associated with the phases of the mcHm. 
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Bzt earl” in ISIS other spnptoms appeared which seemed to 
snnaesr the proprierT of a p:mIonged holiday. He accordingly 
accented an invitation to visit I^ris, and in July he set out. and 
massing through England, he renewed acquaintance with many 

his old friends and wsited many places in the course of the 
month spent in this country. He arrived in Paris on August 
24th. ana at once visited Berthcllet, who received him with great 
friendliness and soon made him acquainted with Laplace. Cuvier^ 
Gay-Lussac, Thenard, Chaptel. DnJcng, Chevreu], Amgo, Biot. 
Vauquelin, Ampere. Langier and other French men of science. 
He also met Alexander von Humboldt, then staying in I^ris. 

Berzelius attended many lectures and demonstrations by the 
most eminent chemists then in I^ris and acknowledges that he 
received much valuable instruction, principally in the form of 
exj^riments suitable for lecture illustration. He also attended 
the meetings of the French Academy, of which he had been 
elected ccnespcnding member in 1816. He became a Foreign 
Associate in 1822. On the other hand he found among the 
French chemists but little acquaintance with his work on 
chemical proportions and with his electro-chemical theory. 

Beithollet invited him to spend some weeks in his house at 
AreueiL the scene of so many famous assemblies, and while 
enjoying the society of the noble patriarch of science/* then 
approaching the end of his life. Berzelius was able to carry out in 
his laboratory a number of analyses of minerals. On his return 
to Paris he paid a visit to the gunpowder factory at Essonne 
whore, under the guidance of Gray-Lussac, he gained a good deal 
of pmctical information. He was able also to forward to Ms 
own country a considerable quantity of instruments and ap- 
j^iatus wMch put him then in the position of being able t oxe^rd 
the equipment of Ms own laboratory as equal to that of any 
othar in Europe. He left Paris in June, 1819. he seen 
but little of France, be arranged with Ms two former pupils, 
Arfredson and Almrotb, a plan for the return journey which 
would take Mm through a part of France, through &voy to 
Geneva and thence through Swit^rland and Germany home. 

In Geneva he met again his old friend Marcet, who had 
returned to his native place and had bought a property there. 
Here Bei^iius met Theodore deSaussure.the elder Dela Eive, 
Hetet, Prevost and other men of science. He visited Chamouni 
and many of the most interesting places in the neighbourhood, 







144 


FAMOO CHEMISTS 


end. ‘ccrn-ring ncn!i~ird. reached Tiibingen, where he was 
received ov his former stndenr, C. G. Gmelin. now professor of 
chemistry in tie university. A fortnight was spent in this 
district end a mov= was then made to Xiimberg. Erlangen and on 
to Br-sd-m In he stayed a foitnight, and again he visited 
many ^rcientiiic fiiends and made many new acquaintances. 

Bernelius, on ids arrival in Srcekholm, found that he had been 
elected secretary to tie Academy, and he forthwith removed to 
anavrm-ms in tie icuse of tie Academy. As the result of his 
lent expediticn iis ieaiti was much improved and his interest 
revived in aJ tie now tiings in science which he had seen and 
learned in iis :rav-is. In a ciaraeteiistic passage he expresses 
his thanks to Providence that he ” was now one of the happiest 
of immkind.'' Unfortunately the pains in the head from which 
he had su&red previously returned, and he was advised to visit 
Cansbad. The cure seems to have done more good than he 
expected. Of course he made many acquaintances and visited 
many places in tie neightcurhoed. Among the rest he called 
on Goethe at Eger, to whom he was introduced by Count Stern¬ 
berg. Goethe received him with an air which seemed to indicate 
that he was not eneianred with the new acquaintance, and said 
nothing to him. However, he invited the visitors to lunch 
(Mittagessenh and afterwards they walked to the Kammerbiihl. 
Tins IS an extinct volcano but so small that one can mount from 
toot to summit in a couple of minutes. A discussion between 
Goetlie and Berzelius ensued on the origin and nature of the 
volcanic out curst, a suoject on wjnch Goethe had written a pam- 
ihlut some years previouslv. The poet was so much interested 
that he begged Berzelius to stay another day. The next day, 
arter seeing his collection or mmemls, Berzelius had to show him 
t ne use of the blowpipe, in which he became much interested and 
espresseu tne greatest regret tnat at his age (he was then over 
seveiitj) it would be impossible to become expert in the use of 
the instrament. 

On the return journey homewards Berzelius paid a visit to 

stepratner. Dr. Jiikmsrck. who received Mm with open aims, 
me meeting was an aSeeting one for both, as they were equally 
aware tnat it was tiie last. As a matter of fact, Ekmaxek died 
tie MIowmg day in his eightv-Srst year. 

In tile year lb24 Alexander Brongniart wrote to Ber^^us 
asnoiineing ms intention of visiting Scandinavia for geolo^cal 
purposes, and Berzeiias, being very desirous of returning some of 
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rL^ attentions he had received when in Paris, deternuned to 
aeccmpanv him as- interpreter. Accompanied by Wohler, then 
a young man stndjing with him, he proceeded to Helsicgborg, 
which is a port opposite the nearest point of Denmark. While in 
that tcwu he received a letter from Sir Humphry Davy an¬ 
nouncing that he was in Goreborg and expected to reach Helsing- 
hcrg in a few days, at latest on July 29tn. They waited till the 
evening of the SOth, and when about to start with Brongniart and 
Oersted, who had joined the party, they were informed that 
Davy had arrived. On hastening to the inn they learned from 
him that he had stayed on his way to Helsingbciw two days in 
order to fish for salmon in the Laga river. “ I will not con(^I,” 
says Berzelius, ‘Hhat I took this plain excuse as evidence of 
disregard, though I did my best to conceal my feeling.” (Davy 
wm pmbably unaware of having given cause of ofence. The 
following passage occurs in his diary of the journey: ‘"At 
Helsingburgh I got a tolerable dinner, and a bed in an enormous 
room, probably the assembly room. Here I had an interview 
wirh Berzelius, vthom I found in good plight, rather fatter than 
when I saw him twelve years ago."^) 

Toward the end of 1825 a Government Com mi ttee was ap¬ 
pointed with a view to the reorganisation of national education, 
and it sat at intervals for the greater part of four years. Most 
people nowadays would agree with Berzelius in thinking it a 
small demand to require every Univemity student on taking Ms 
degree, no matter in what faculty, to give evidence of a rudi¬ 
mentary knowledge of physical science and to be able to answer 
simple questions about our planetary system : to explain why the 
m^ury mounts in a barometer, why liquids flow through a 
siphon, what goes on in the burning of a candle, why there is a 
draught in the chimney of a fireplace, or why ice swims on water, 
etc.: and though a century lator than the time in which he 
urging such reforms, it must be confessed that, while 
everyone should understand such phenomena occurring in daily 
life, not one in a hundred people know anything about them, 
^ferzelius did not succeed in getting all he asked for, and he 
makes the remark that so long as those who stand at the head of 
the system of education in any country are ignorant of such 
important things no substantial reform is to be espwsted. This 
tmth is as applicable in the present day and in every country as 
it was in the time of Berzelius and in Sweden. 
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In Anjniit, 152S, Berzelius, in company with Dr. Magnus, 
iafterwarls Professor in Berlin), who had been working in Ms 
iiboratorv, srarted on a long round of visits through Germany, 
B rlMuni and Holland wirh the intention of taking part in the 
ni-^innin Berlin of the German Hatuiforscheiversaminlimg/' 
an ios:nnr::n similar in aims to the British Association, At the 
re rues: of the German Crown Prince. Berzelius was induced to 
rive a nonniar lecture with experiments on a subject recently 
oommunicated to the Swedish Academy of Sciences. From the 
oatalcne of his raners the subject was probably the bleachmg 
actiorTof the compounds of chlorine with bases. In 1830 he again 
attended the Xaturforscherversamnilung. this time in Hambui^. 

In 1832 he retired from omce as professor in the Ehrolinska 
Institute and was succeeded by Mo^nder, who had been both 
his pu|dl and assistant. 

The outbreak of cholera in Stockholm in the s umm er of 1834 
brought him other duties in the form of the Chairmanship of the 
committee appointed to deal with the situation. He escaped 
infection but he sunered again from the nervous disorder which 
had overtaken Mm in ISIS. One of the results was that he 
lost temnomrily not only Ms enthusiasm for scientific work but 
inclination for society. He began to feel himself lonely. His 
relations had advised him years before to marry and had painted 
in lively colours the miseiies of a solitary old age with no one 
near to care for Mm. Previously he had refused to listen, but 
now he began to tMnk their prophesies were about to be fulfills. 

He relates the met that he had enquired many yearn eaiiier 
of a foreign seientinc friend whose domestic happing he had 
cb?erved, whether, according to Ms experience, it was advisable 
fer an active man of science to marry, and he xeedtrai ihB 
fcllowing reply: Although/' said his friend, I am as Impjy 
as only the father of a family can be, and the loss of my Moved 
wife would he a misfortune that I could scarcely bear, I belMve 
that if I were now unmarried and had the same experience of 
hie- w'hich I now possess I should certainly not many e:^pt 
under the innuence of an unconquemble paMon.’" This, says 
B-rcrlius, determined him to give up the idea altogether, and 
with this in Ms mind he had grown up. But now he be^n to 
waver and thought it advisable in his state of indecision to con 
iult an intimate and es^mmeed mend. Count TroUe-l^acht- 
meister. TMb was Ms opinion: I suppose one can be q^e 
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ent&riLg into tLe mEiiied state, but be trbo has 
never cjin>criencea tne napniness or having a beloved wife by his 
iine nnoyrs notning ci tne iine:^t side of life. By a judicious 
Choice It IS not too .ate to enjoy this enperienee. To be perfectly 
happy a man snoina nave a char sot and he ought not to lock 
It eutsiae ms own awt^ung." This enabled Berzelius to 
maue up ms mina, ana a few oays later he went to his old friend 
rueiiaent Boppius ana ciemanaea the nand of his eldest daughter, 
jvotwitnstanamg the great oirerence g: age, the lady and her 
parents received, mm innoiy. The whole proceeding is related 
with a nalme which is entremely interesting and which seems 
to throw much light on the chameter of the great Swede. 

Having decided on this important step, Berzelius determined 
to make a great eliort to attain an improved state of health, and 
with this object in view he decided on paying another visit to 
I^ris. While in the ITench capital he was introduced to Kmg 
Louis Biiiiippe, with wnom he ta.ked for an hour, the k i-ng using 
the Xorwegian language and Berzelius the Swedish. The heir- 
apparent, Ferdinand, Duke of Orleans, told him that whatever 
he knew of chemistiy he had learned from the French translation 
of his Iraiie de CJiimie. This was evidently regarded by the 
author as a great complnnent. 

The French sculptor Davud used the opportunity to model a 
bust of Berzelius, and the work is now in the Kaiolinska In¬ 
stitute in Stockholm. 

On his way homeward he stayed in Bonn during part of the 
meetai^ of i^turfoischer, but beii^ still unwell he went on with 
Wohler to Cassel and thence to several other places, where he 
visited other scientific friends, nltimately reaching Stockholm 
in October. 

On December 19, 1835, he was nmrried, and the occasion 
was Oistinguished by his elevation to the peerage, while he 
received on the day of the wedding a letter from the Kin g himself 
expressing in :fettermg words his recognition of the scientific 
ia Pours to wlncij. his life had been devoted. His health remained 
variable, but in the summer he started with his wife to vdsit her 
relations m Denmark, wnere her uncle was Swedish ambassador, 
'ft Mle in Copenhagen he was received by the Crown Prince and 
bj Kmg of Denmark. 

During the few ymiB following this time Ber^lius took an 
active ^rt in the reorganisation of the iLarolinska Institute in 
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Stockholm, a complete account of which has been published in 
the history issued by the Institute in the form of two illustrated 
jubilee volumes. He also took part in the formation of an 
assonution cf Scandinavian naturalists (corresponding to the 
British Association;, which met for the first time in 1839 at= 
Goteborg. 

The latter part of this interesting record was written in 1842. 
The author continued busily at work on the fifth edition of his 
treatise on chemistry, bur the last two or three years of his life 
were attended by gradual decline of his bodily powers, and he 
died on August L 1S4S. 

The lahoratory where so much important work was done has 
always been a iccus of interest. Not only was it the place where 
many discoveries were made by Berzelius himself, but it became 
the school where many of the young men who were destined to 
be the leaders in the next generation received the instruction in 
analysis and in methods of research which they needed but which 
were not to be found in the universities from which they came. 
Friedrich Wohler, who was one of the most distinguished of these 
young men, gave to the Berlin Chemical Society in 1875, when he 
was an old man, a most lively and interesting story of remin¬ 
iscences cf his journey to Sweden in 1823, when in response to 
his appeal he was admitted by Berzelius to a place beside him. 
It is perhaps necessary to remind the reader that travel from one 
ccuntry to another was not accomplished so easily then as in later 
times. In the first place vTohler arrived in Lubeck to find that 
he must wait six weeks for a ship, and he wisely occupied the 
peiiou c: waiting in the laboratory of an apothecary, F. Kindt, 
with wham ne made acquaintance and who proved an en- 
tnusia-t :n the pursuit of natural knowledge. Between them 
tney suc^eded in producing a considerable quantity of potas¬ 
sium. l^den at last the little sailing-ship was loaded with 
cargo -ze staned from Tra v'emunde on October 25th, and after 
s rr ugn but unusually short jeurney of four days she landed her 
four passengers at Dalaro, a small fort on the rocky coast of 
:^weurn wmch it was then the custom to use as a landing-place 
to a vein the much longer sea journey to Stockholm. In con- 
siueraticn cf tne late period of the season W6hler had brought 
provisions tor three weeks, but now he quickly divided what was 
left among tde sailors, and mounting an open vehicle drove on 
to Stocknolm, wiidi he reacmed the same n%ht. After driving 
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a cellar, as in those days 

partments assigned tc the 
my of Sciences. *'As he 
Ltoiy I rras. as it were, in a 
iv rrne that I was in this 



to me. On the walls 
which, however, were 


g tile nving-rccm, the laboratory con- 
^mfcers with the simplest fittinp : there 
r enamber. neither water nor gas supply. 
rcLinaiy worit-tables of deal; at one cf 
storking place, the other was assigned 
were several cupboards wiTh reagents 
not provided verv libemliv, for 


when I »^antea piussiate lor my enperinients I had to get it frcm 
LubecK. In the middle oi tlie room steed the mercury trough 
and glass-blower’s table, the latter under one of the ehimn^- 
places pmvMed with a curtain of oiled silk. The washing place 
consisted ot a stone cistern having a tap with a pot under it. 
In the ether room were the balances and ether Instruments, 
beside a small work-bench and lathe. In the kitchen, where the 
food was prepared by the severe old Anna, cock and factotum 
of the master who was still a bachelor, stood a small furnace and 
tiie ever-heated sandbath. ohler was at that time the only 


worker admitted into the private laboratory. There was no 
^stematic i^truction and Berzelius allowed each student to 
ao wnat he liked, but iie was there to give advice and help when 
needed. Tne nrst work undertaken by Wohler on the advice of 
Berzelius was tiie quantitative examination of certain minerals, 
as ne haa nad out little practice in the use of the balance. He 
was required ^ repeat ms analyses until concordant results were 
oDtained. Wnen Wonier had worked rather hastily, Berzelius 
utter^ the stereotyped remark: Doctor, das war schneil aber 
sc^cht.^' (DGctor, that was quick but bad.) Among other 
suDjects undertaken later was the investigation of cyanides and 
^nates, which interested Berzelius very much, as it appeared 
important in connection with the question as to the nature of 
cnionne. It was at the time when its character as an elementary 
suostance was becoming genemlly recegnised, and Wohler relates 
mat Berzelius, who had been an active opponent of this theory, 
one dav gave playful instruction to his female factotum. Anna 
ill wasnmg out a iiask had remarked that it smelt of oxymuriatic 
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acid, on wliier- 'tiM, “ Anna , thou must no longer speak 

of OAnnuriatic ac:d. henceforward thou must say chlorine." 

If now an endearcur is made to review the chief features of 


Ber^lius' life and work and to recall something of his person- 
alitv, it mnw he admitted that Davy's brief estimate is justified, 
thourh :nccmn:rt“. He undcuttedly devoted his whole time 
and enerry TO the pnrsnit of scientific research and to the develon- 
m^^nt of theore^’ica! chemistry. His autobiography shows how 
he concentrated al: hi- thoughts on his chemical studies, and 
mn^eraentiy that "his conversation was limited much to his 
own mbjeets." He had had a liberal education, and had it not 
been for the mprem=a^tra etion cnered by the science of chemistrv 
the fundamental principles of which were only beginning to be 
dimly pmt-med, he might have become a great surgeon or physi¬ 
cian. In any career Ms immense capacity for work and his great 
activity of mind would have made him conspicuous. To ap¬ 
preciate the importance of his work in chemistry we have only 
to remember that thirty years before Faraday’s researches on 
electiolpis Berzelius and Davy had both conceived electrical 
theories of chemical ccmbination which differed from each other 
only in points of detail, but agreed in being both founded on 
definite results of experiment. Every student of chemistry 
ought to knew that the symbols in universal use in the text¬ 
book- for r-rr‘-mt:nr elementary atoms were contrived bv 
Berzelius, an i thot thi system arose directly from the introduc¬ 
tion of the Atomic Theory by Dalton and the modification of the 
mther clumsy symbols used by him. The arduous investigations 
mto the pripertions in which elements combine to form cem- 
pDunus furnished the relative varaes which when corrected by 



rente to tne Law of Volumes are spoken of as atomic weights, 
uelius made use of the Law of Specific Heats discovered in 
9 by Dubug and Petit, and of the facts of isomerphism dis- 
-red by E. Jlitscherlicl about the same time. Bv the studv 
ne cimrositicn ct tne emdes and sulphides of metals and non- 
ra:s then nnewn he placed on a firm basis the law of multiple 
pertnns. it was Lavoisier who dia^overedthe presence and 
t::n:t::;: cf oxygen in oxysaits, such as sodium and copper 
^^-thcuuh he did not know that common salt and 
aid net contain oxygen in any form. This could 
• b? settictd before iSlO, when Davy proved tlmt chlorine is an 
nentary sub-tance. But although Berzelius in his ^-rly days 
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:oiit mzrzztic acid and it? salts, so fer as 
a iiemac? oneimpcTtaiit otservaticr ■^hen 
:;cn between the ameunt of exv^en in the 
tnd tne amotint of tbe acid (ncn-metallic 
a^se was nniteci. Tte sjsrem cf rxtatiori 
iiasea cn tne binarv idea of combination 


piriated ov Lavcisier, remained in geneial u?e ti’I Icce after 
;r —a= cLal-enged bv Gertardr and -aitimatelj exchanged for the 
■antTarr svjTem. His ■work was cone before the composition of 


mar.T crsanic substances was 


%-aIencv 


ecognised. 


icrm. and long before the idea 
Berzeims’ ■views regarding the 


constitution of organic compounds had to he ahandcr.ed'even 
before the end cf his life. 

' Less than justice would be done to the memorT of Berzelins. 
It it were pot remembered that his infinence as a teacher was 
extmordinarv, and the fact that so many men who afterwards 
achieved high distinction resorted to hk kboratorv for that 
instruction which was not to be found in any of the universities. 
The autobiography tells of his early poverty and the struggle in 
which he was thus so long involved in the determination to 
comple ’ ’ 

ser^vicec _^__ 

and the ^tifying recognition of his successive steps in advance 
not oniy by the representatives of science throughout the world, 
but by the King and Government of his o^vni country. Honours 
and re^vtarcs fell tnick upon inm. and in the portrait which is 
most lamuiar among cnemists ne is slio^vni wearing some of the 
decorations the bestowal of which furnish proof of the high 
esteem in which science was held in the Sweden of his dav. 
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ELECTRO-CHEMISTRY 

Faraday (1791-1867) 


CHAFFEE XII 

FARADAY 

Fbw persons who are mmiiiar with the present positicn and 
opemtions of the Roral Institution are at the same time ac- 
qimiBted with its curious origin. The home of Davy and 
Faraday for a period o! over fifty years, the reputation of the 
Instkiition is securely founded on the great discoveries in 
physical science which from its very beginning have been made 
^hia its walls. The complete history of the Institution was 
written by Dr. Bence Jones in ISTl, and it is only necessary to 
recall the fact that it was founded by Count Eumford in 1799. at 
a time when the country, owing to the high price of corn, was 
passing through a period of great scarcity and there was much 
distress among the poor. A Society had been formed with the 
benevolent omeet of bettering the condition of the poor, and 
after conference with Eumford a committee of the Society 
reported that the Institution proposed by him would be ex¬ 
tremely beneiieial to the community. The proposals put forward 
were briedy indicated in the heading of a prospectus and were 
expressed in the foilowirig words : 

" The propc=al5 for forming by subscriptiGn, in the Metropolis 
of the British Empire, a Public Institution for difiusing the 
knrwiedge and facilitating the introduction of useful mechanical 
Inventions and improvements, and for teaching by courses of 
philosopMeal lectures and experiments the application of science 
t the ccmm::.: purpcses ofliie were these . . Then follow many 
details cf the scheme for managing and carrying on the work 
cf the Institutior:, which was designed to include an industiml 
school and a place of instraction for mechanics. In September, 
1T09, Di. Garnett was engaged as lecturer and scientific secretary. 
The unfortunate state of Ms health and other ciremnstanees led 
to Ms retirement in 1801, and early in that year Humphry Davy 
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romantic. 


Lecturer and later. Lecturer on Ctem- 


rents henceforward has been already 
necessary to add that the character of 
was by the innnerce of Davy's senilis 
■. The Institution became the home, 
e in ihi- cctiniiy, of -y^tcma^rie >cienti£c 



de the In^Thuticr; 
ni the Institution 


d van cement of science, one discovery was 
tin-d :i: time to restore fiiily the reputation 
abo:a:ory. The appointment of Michael 
:ory a-sistant was an event of the first 
.cccm'D]i^htd under circumstances almost 


Severn! ccngreuatiors had been foimed in diferent parts of 
England during the eighteenth century under the influence of 
Robert Sandeman, son-in-law of the Rev. John Glas, a Pres¬ 
byterian clergyman in Scotland, and these congregations were 
known as Sandemanians or Glasites. The doctrine they pro¬ 
fessed assumed that the Bible alone contained all that was 
necessary to salvation, and that in all times and circumstances 
it should form the suficient guide to Christian believers. Mem¬ 
bers were received into the Church on public ccnfession of sin 
and profession of faith. Each church was governed by eiders 
chosen among the members, from those who appeared to answer 
most nearly to the character of an elder as described in the Kew 
Testament. Among the brethren of such a congregation near 
Kirkby Stephen, in Westmoreland, the family of Faraday is 
first heard of, and here James laiaday was bom in 1761. This 
James iaraday became a blacksmith, and in 1786 married 
Margaret HastwelL a former’s daughter of Mallestang, near 
Eirkby Stephen, and scon after their marriage the couple came 
to Ikjndon. Four children were bom of the marriage, and at 
Newington, in Surrey, the third child, Michael, was bom on 
September 22iid, 1791. About 1796 the family removed to 
rooms over a coach-house in Jacobs Well Mews, Charles Street, 
flanchester Square, while the father continued Ms trade as a 
6 jrneyman in Welbeck Street. He seems to have been in bad 
htralth for several years before he died, an event which occurred 
in 1810, soon after he had remowd to 18, Weymouth Street, 
Rjrtknd Hsce. The home of little Michael was in Jacobi Well 
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Mews from tne time ne was five rears old till lie obtained em- 
DlGTmerit in 1504, at the age of thirteen, as an errand dot, on 
"rial for a rear, in tbe serriee of Mr. George Eiebam a bootbirpcer 
and s*at:cner, at *2, Blandfcrd Street. A year later be was bound 
S' an aunr^ri'iee for seren years, and in bis indentures tbe note- 
wcr^br s^arement cceurs that “ in consideration of bis faithful 

There is but little to be told concerning tbe boy’s early educa- 
*^i-n b-T-ond bis own statement: My education was of tbe most 
ordinary d^scripticn. con-istina of little more than tbe rudiments 
of reading, writing and aritimetic at a common day school. Mr 
hours out c: sebcol were passed at home and in tbe streets." 
Bur as -oon as be entered Biebau’s shop a new world of oppor¬ 
tunity was opened to him and laraday himself said,Whilst an 
apprentice I loved to read tbe scientific books which were under 
my bands, and among them delighted in Marcet’s CGnrersaficns 
iii ChemiMru. and the electrical treatises in tbe Encychpad'ia 
Briiarmca. I made such simple experiments in chemistry as 
cculdbe defrayed in their expense by a few pence per week, and 
also constructed an electrical machine first with a glass phial and 
arrertfurds with a real cylinder, as well as other electrical ap¬ 
paratus of a eerre^pcndino kind.'’ He told a friend that Watts 
On the Mind firsr made rim think, and that his attention was 
turned to science by the article Eieetricity ” in an encyclc- 
p^ia be was employed to bind. His master also allowed him 
to no occasionally in the evening to hear lectures on natural 
phiiDSopiy given by Mr. Tatum at his house, 53, Dorset Street, 
ileet Street. Ibis Mr. Tatum seems to have been the founder 
cf tbe City Pbilcsopbical Society, an association of some thiitv 
or ferry persons who met once a week in the evening for mutual 
instruction, faraday became a member of this Societv after 
tb- expiry of bis apprenticeship, and it was through Mr. Tatum 
'^bat be made tbe acquainrriuee of several young men of about his 
own age. with two of whom. Huxtable, a medical student, and 
Bernairnn ADDctt, a clerk in the city and a Quaker, he com¬ 
mence f 3 correspondence which was maintained during many 
year'. Tbe letters, of which most of laraday’s have been pre- 
s-rveu. stew tbe nature of the suhiects in which they were 
mm’mily interested and in some degree reveal the character of 
t ne wn^ers. They seem to show us the mind of an ingenuous and 
moaest youtt ea^r to escape from trade and to enter.” in his 
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own word?, into the ?erT:ee of ?dence whicii I imadned made 

In October. 1512. Farada” went a? a fcnmejinan bcokbinder 
to a certain Do !a Fceb^, a French emigrant. Hi? m£?*er? 
eQ'^AV'^r. "^cr him rr^mam lon*^ 

- - . - -r^rfj-.s cf tliis vpsr beep, talcen 

1*5 and a member of tie Eoval 


L:=ti: 

Daw, 


r.Dzr. 
' ' He 


i-L -i - 


fc-m cf 'r.= last leet-.me? of S; 


'T TT’^’s^-p'pT'T' 


made note? ct tnese lectures, tntn tne naaition oi 
drawinns, and then wrote to Sir Jb?#^Dh Bank?. President of the 
Ro val SocietT. Ya^nrailn *^nGiigh. nothinn* came of thi? attempt 

_rade. but later in the Tear he anolierl direct !t to 

w Davy and sent him the amplified note? he ho d taken 


SirH 
a: hi= 


r-ane ir-: 

i. 

mnh 

leer: 


Deceinher 24f^> 1SI2. 

*' To hiB. Faraday. 

Sir. I am far from displeased with the proof ron have given 
me of jonr conSdence, and which display? great zeal, power of 
memory and attenticn. I am o bliged to go out of town and shall 
not be settled in town till the end of January: I will then see 
yon at any time yon wish. It would gratify me to be cf any 
service to you ; I wish it may be in my power. 

“ I am. Sir. Tour obedient humble serYant, 

'*'H. Davy." 


The promised interview took place, and Faraday’s account 
of it contains the following passage : At the same time that he 
thus gratified my desires for scientific employment he still 
advised me net to give up the prospects I had before me, telling 
me that science was a harsh mistress and in a pecuniary point 
of view but pooilT rewarding those who devoted themselves to 
her service. He smiled at my notion of the superior moral 
feelings of philosophic men and said he would leave me to the 
experience of a few years to set me right on that matter.” The 
end of the business was that on the recommendation of Davy 
he was appointed assistant in the laboratory of the Royal 
Institution at a salary of 25s. a week, with two rooms at the top 
of the house. 

He had no sooner established himself in his new home than 
he made arrangemeiits with Ms friend Abbott and others for 
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mrrvim on in the eTenings the education of which he felt in 
ne^j DT means of the mutual improvement system, the meeting 
beins held cecadenal'y in his rooms at the Eoyal Institution. 

Daw ssems to have lest no time in making nse cf the services 
c f his new nsdstant. for, in a letter to Abbott only six weeks 
atrer entered en his dnties, ihradoy relates his experiences 
with ''thedetcnatbgccmncnnd of chlorine and azote.” and says. 

I do it at niT eas^. for I have escaped (not quite unhurt) from 
four dinerent and stronn explosions of the substance.'’ Both 
cneraters received dantaae from this dangerous compound on 
mote than one cc-casicn. 

Letters to his friend Abbott at this time show that he was 
occupied dailv in observatiens on the subjects of lectures and 
leetimers and the circumstances which contribute to success or 
feilure. The Royal Institution provided material enough, for 
not only had Faraday to work in the laboratory but he was 
present at prchably ail the lectures given by the numerous out¬ 
siders who were invited to lecture on various subjects. A series 
of changes were, however, at hand, for Davy having married 
Mrs. Apreece in April. ISI2, he ceased to lecture and was ap¬ 
pointed Honorary ihefessor. About a year later he determined 
tu take an extended tour on the Continent, and invited Faraday 
to aceomnany him and Lady Davy in the capacity of secretary 
and sdentine assistant. On October 13, 1813, the whole party 
started irem London, arriving at Plymouth on the 15th. Davy 
had engaged a valet in London, but the man withdrew at the last 
moment and no other servant could be found either before 
starting or later in Paris or other towns they visited. The result 
was that cn many occasions Faraday was called upon to 
make arrangements which would otherwise have constituted part 
cf the duty of the valet and wMeh led to much annoyance for 
Faraday. His position is suSciently indicated by a few lines in 
n Ltter t o his friend Abbott after the travellers had been together 
upward-Ota year. He say ^ I should have but little to complain 
f.z wr^re I travelling with bir Humphry alone, or were Lady Davy 
like him : but her temper makes it oftentimes go wrong with me, 
vdth her-el: and with Sir H.” 

Faraday kept a joumai during the whole cf the journey, and 
many pa-sages are interesting as illustratiiig the inconvenienees 
€* travel in Europe more than a hundred years ago, beside 
shuv :ng h:s habit cf careful observation. He worked at theFrench 
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lieSit . . . are lae aad gicutcit 5-weetii.e:=s iii tJie iii6 oi 
man.” And in another place : “I have -earned juer enough to 
perceive mvinncrancemndaiiamedof my defects in everything, 
I wish to seize the opportunity oi remedying them. . . . Addai 
to which the glorious opportunity I enjoy of improving in the 
knowledge of chemistry and the sciences continually determines 
me to finish this voyage with Sir Humphry Davy.” 

Throughout his absence from England Famday kept a joiirnal, 
which contains some amusing passages: for instance, his account 
of the examination of the travellers and their baggage on arrival 
in harbour at Morlais. the landing of the travelling carriage, the 
eauirment and appearance of the postillion and the interior of the 
hotel at ilorlais. What excited his interest almost more than 
all the rest was that during a breakdown on the road he saw for 
the first time in his life a ^wworm. It took about a week to 
drive to I^ris, and iaraday"s sensations on finding himself in 
the enemy metropolis seem to have been mixed and far from 
afiordiiig full satisfaction. The party remained in Paris Just 
two months, and proceeding by jlont|^Uier and Nice they crossed 
the Ccl di Tenda and reached Turin on Tuesday, January 22, 
1S14. On their arrival in Turin the carnival was still in progress 
and the behaviour and occupation c: the crowd of citi^ns was 
described by Faiadav in his journa: %vith a mixture oi amuse¬ 
ment and contempt. He records a visit to the opera at Genoa, 
which they reached a few days later, and ends the entry m 
his diary with the remark, ‘■‘the performance to me very 
teoious. 

While at Genoa he had an opportunity of observing the phe¬ 
nomena exhibited by thme waterspouts, appearing together from 
the same stratum of cloud. The nest place visited was Horace, 
and here Faraday assisted Davy in the experiment of burning a 
diamond in oxygen by the aid of the Duke^ great lens for con- 
ceatmtmg the sim^ rays. The whole experiment is desml^ 
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with interesting details; “ A glass globe containing about 22 
cubical inches was exhausted of air. and filled with very pure 
oxvgen procured trom oxymunate oi potasn; tne diamond, was 
bup^rted in the centre of this globe by a rod of platinum, to the 
top of which a cmdle or cup was fixed, pierced fuii of holes to 
anew free circulation of the gas about the diamond. The Duke's 
buminu-rlass was the instrument used to apply heat to the 
dianiond7 It consists oitwo double convex lenses, distant from 
each other about feet: the large lens is about li or 15 inches 
in diameter, the smaller about 3 inches in diameter. The 
instrument is fixed in the centre of a round table, and is so 
arranged to admit of elevation or depression, or any adjustment 
required, at pleasure. By means of the second lens the focus is 
very much reduced, and the heat, when the sun shines brightly, 
rendered verv intense. The instrument was placed in an upper 
room oi the museum: and having arranged it at the window, the 
dmmond was placed in the focus and anxiously watched. The 
h^t was thus continued at intervals for three-quarters of an 
hour (it being necessary to cool the globe at 
that time it was thought that the diamond was 
and becoming opaque. IS'ow we had only a partial spectrum, for 
the upper part of the window obstructed the sun’s rays; but 
havingsunkthe whole oi the apparatus it was again exposed and 
a very strong heat obtained. On a sudden Sic H. Davy observed 
the diamond to burn visibly, ana when removed from the focus 
it was found to be in a state of active and rapid combustion. 
The diamond glowed brilliantly with a scarlet light inclining to 
purple, and when placed in the dark continued to bum for about 
i-our mmutiiS. After cooling the glass, heat was again applied to 
the diamond and it burnt again, though not nearly so long as 
briore. This was repeated twice more, and soon after the 
diamond b%mm& all consumed. This phenomenon of actual and 
vivid combustion, which has never been observed before, was 
attributed by Sir H. Davy to the free access of air. It became 
mere dull as carbonic acid gas formed and did not last so long.” 
Similar ex^iments were made on several successive days, and 
the gas forsted was esamined and proved to consist of nothing 
except car Dome acid ps. The experiment was then reputed 
with the substitution oi chlorine mr o^-gen, but no change 
uld Cii ebsci ved in the diamond and no combination of (mrbon 
and chlciine could be ^cted. Having finish^ these 


times), and < 
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-zr) iaraday savi, “ we bade adieu for a xime to the 

A;~ie—v’ dh Ciiaento and prepared to depart for Rome.” 

After a few daye in Rome the parry proceeded to Xapki and 
rridiiy. May lorn, rhe entry in the diary records thatiloimt 
\ eiuvius was the empletment oi to-day and fully ieward^:d the 
trouble and fatigue artendant uptn seeing it." The nexr day was 
ano uevu-ru tu me a^e^irnt. tnc* oo^t:ct otring to see tne mouiwam 
by night, and me journal winds up the dey by the note ; ‘‘ Got 
home by haif-pait eleven ohicck, highly pleased and satisfied 
with the excursion." R-turuiig northward, the travellers 
rcacUwO. on~iiiin, anu on ir.....CLa * • o ^»■*•—^5 saw m, "V oita, w Jio 
came to see Sir H. Davy, a hale elderly man, beanng the red 
ribbon, and very aee in conversation." In the course cf a 
letter wntten from Geneva in August to his friend Abbott, 
iaraday enters in characteristic fashion into a long dissertation 
on the qualities oi the people he had been brought into contact 
with in his travels, and his ideas on the subject of the French and 
Italian languages. “ During the time I have passed from home 
many sources of information have been opened to me and many 
new views have arisen of men, manners and things both moral 
and philosophical. The constant presence of Sir Huniphry Davy 
is a mine inexhaustible oi knowledge and improvement; and the 
various and free conversation of the inhabitants of those countries 
through which I have passed has continually afforded entertain¬ 
ment and instruction," A month later, in writing to the same 
friend, he is in a less satisfied mood, for while acknowledging the 
advantages of travel, he says: In the first place, then, my dear 
B., I fancy that when I set my foot in England I shall never take 
it our again; for I find the prospect so different from what it at 
fir:rt appeared to be, that I am certain if I could have foreseen the 
things that have passed I should never have left I^ndon.'' He 
goes on to say; “ The little knowled^ I have gained in languages 
makes me wish to know more of them, and the Httie I have seen 
of men and manners is Ji^t enough to make me desirous of seeing 
more; added to which the glorious opportimity I enjoy cf 
impicving in the knowledge of ch^nistiy and the sciences 
contmuaily dt^termines me to finish this voyage with SirHumph^” 
Da vy. But if I wish to enjoy those advantages, I have to sacrifice 
much: and though those sacnfices are sudi as an humble man 
would not feel, yet I cannot quktly make them. Travelling, 
tco, i find is almost inconsAtent with religion (I mean modem 
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tra^HIina), and I am yet so old-fashioned as to remember strongly 
(I hone DC-rfftctlTi mv youthful education.’" It seems, however, 
that evsi'-JaraduV couid not resist the influence of the gaiety by 
wHch he wa s somirimes surrounded. The winter of 1814-15 was 
.-sjC j.-, p^onie. and we learn from the diary and letters that 
carni'vai he went on several occasions to the masked 
ba'ls which are a featui’e of the carnival season. February 6th 
ha< the entrv: " "Went to this morning’s masked ball in a 
d"m^no and lound it very full: as no one knew me, at least for 
h-urs. I amused invseK a good deal with such as I was 
acquainted with. I stoned there tiU daylight, and then came 
home.” On the 11th we ^da diflerent sort of entry, more consis- 
rent withthecharacter of the philosopher: “Experiments at home 
on the new comoound of os^.-gen and chlorine which Sir Humphry 
discovered a few days ago?’ A letter to his mother, dated 
4.T)rii 1815. announcing his expected return home contains 
the brief exnlar.ation : “lam not acquainted with the reason of 
our sudden "return ; it is, however, sufScient for me that it has 
taken place. We left Naples very hastily, perhaps because of 
the motion of the Neanciitan troops, and perhaps for private 
reasons. We came rapidly to Eome, we as rapidly left it. We 
ran up Italy, we crossed the Tyrol, we stepped over Germany, 
we entered'Hoiland, and we are now at Brussels, and talk of 
lea%dns it to-morrow for Ostend; at Ostend we embark, and at 
Deal we land on a spot of earth which I will never leave again.” 

' A fortnight after his return to England Faraday was engaged 
at the Bo val Institution as a ssistant in the laboratory and supeiin- 
of the apparatus at a salary oi 30s. a weelr, with apart¬ 
ments. His duties naturally brought him into contact with not 
oniv bit H. Davy but Professor Bmnde and many other persons 
interested in science or occupied in its pursuit: they also 
eft-tied d-silv opportunities for handling and using apparatus and 
fcr makmg experiments, and so supplied him with the means^of 
y progress in manipulation and in the famishing or his 
ovm mind. He soon resumed his association with the Gity 
Philcstphieal Society, and in January, 1816, he began a course of 
iectnr-son chemistrvto the members. He seems to have kept a 
commonplace book in which he recorded not only observation of 
nig own and memoraii<hi oi all kinds, but notes of leotures given 
at the Roval Iristitution by Brande, who had succeeded Davy as 
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The smcotli course of Lis life at EotsI Institution was but 
little interrupted. In tie summer of 1817 he spent a montli with 
his friend Huxtablenear South Melton, cn the border cf Esmeor. 

At the hiarracote sheep-shrarin;^: Mr. Faradap toch nart in the 
conTivialitv of the eTening with much apparent interest and 
good humour is the note made by Huxtable. At this time the 
eixpenments on flame were made by Sir H. Duty, whiei led to 
the invention cf the Safei:a Lemp^ and Faraday communicated 
papers to the Qmrieny Journal cn the subject. He lectured 
again and a^in at the Philcscphical Society, and his note-books 
were filled with remarks on an immense diversity of subjects, 
among which in 1818 occur frequent references to eleetiicai 
experiments. The papers published at this time show that he 
was pursuing many subjects but no one which as yet claimed 
continuous attention. 

In the summer of 1819 he went for a three weebs^ holiday 
on a walking tour in Wales. His journal gives evidence of his 
enjoyment cf scenery and observaticn of natural phenomena. 
His remarks often display a quiet humour and also remind us 
how different were the conditions of such a ramble among the 
Welsh mountains a hundred years ago as compared with those of 
to-day. He begins : "" The Regulator is an enceHent coach. I 
mounted the top of it at the "^ite Horse, Piccadilly, about a 
quarter past five on Satimday momiBg, July 10, and it set me 
down in Bristol about ten o^Ioek the same evening." From 
Bristol iaraday and his cempEnion (it is uncertain who this was, 
perhaps Himable) crossed to Cardiff and proceeded thence to 
Merthyr and Keath. afteiwards into Brecknockshire, and their 
farther rambles included the ascent of Cader Idiis, on the 
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crnomi^ of wMch tFey were overtaken by a tbunderstorm. 
jnip+Jv tbpv got to Bangor and v-ound up at Dangollen. 

"''Sir H’jjnpnrvDarv vas at this time in Italy and corresponded 
v->b FamdaV on tne'subject of the papyri from Naples but m 
the course of the next few months a step was taken which, while 
T?o iJ-crrpp interfering with his work as a man of science, made 
p h^’pcv man for the rest ot his Ine. This was his 
Pn-a-4ent tS^ Sarah, third daughter of 3&. Barnard, of 
Bow. an eider of the Sandemanian Church in which 
Fari'dav himself had been brought up. In May, 1821, Faraday 
•^s,- p T-.AniTitpd superintendent of the house and laboratory au the 
and being thus in a position to provide a home 
wife, thev were married on June 12, 1821. It was 
of the man that the wedding-day was considered 
rr^'^t hke any other day,” and in a letter to his sister-m-law, 
Mrs. Seid, he says: “ There will be no bustle, no noise, no hurry 
occa'ioned even in one dav’s proceeding. In externals that day 
will pass like all others, for it is in the heart- that we expect and 
look for pleasure.” 

His scientific work included papers on a variety of subjects, 
among them a series of expermients undertaken in conjunction 
with J. Stodart, a scientific instrument-maker, with a view to 
the improvement of steel, which, however, led to no great results. 
Bat the two or three years following were marked by several 
events which brought Faraday mto a new position beiore the 
world. In the first place he be^n experiments in the field already 
laid open bv the discoveries of Oersted, of Copenhagen, and by 
the French* phrsieist Ampfee, regarding the mutual action of 
mn metism and* electric currents. He also began experiments on 
the'action of pressure and cold on gases, whereby first cbloiine, 
d -ubsequentlv many other gases were reduced to hquids, and 
Ms lesuits were ^blished in tlie PhibsojpMml Tramactions of ike 
Society, In 1824 he was elected a Fellow of the Society. 
Farz lav's name was Dioposed oy Eichard PMllips^ Wollaston, 
Cniliren, W. Rabington^and Si W. Herschel, but Davy as 
pL esiient and Braude as Secretary would be precluded by custom 
frnm adiinv tbeir names to tbe certificate. This is not 
^nmident to explain tbe fact tbat. influenced by motives wbicb 
ir is Terv dimcult to account for, Davy, wbo bad previously been 
unifoxmlv Mnd and friendly to Faraday, opposed bis election. 
HowcTer, it is equally CCTain tbat tbe feelings wbicb tbus 
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ji-izi iCicn jiiSva s,Y,s.y. L: February. 162-5. the- maiiGs-iis. 

ac-::rg sar tae propossi cf 6ir H. Da%y, promoted Faraday i'-om 
t"e^pcs:;:c-r -of as;istaot to rbat cf Director of tie Laboratory, 
-•tcler tie 5uo3r>tei:der.c£ of tie- Profesior of Cbemistry. His 
, ^conrectioa tritb ->k-c-trc-mapret:c piencmeua 
to orcc-eedtritboat irtepiptioa, for in 1824 tie 
'■—ery £ppcinted a committee for tie 
_ 5 -Sis tor opt:cai pitrposes, ana Faraday yas put 

ccnsr-tins cr Mersebel, Dopond and ^Faraday was appointed to 
Cii-rt oui^e-ipeiiinents. une reseaicli was a long and laborious 
cne. it did nor end in tie improvement of telek-opes, but tie 
aense gipses produced became important in connection with 
Faradaws disma^etic and magneto-optical researches semewbat 
later, .uuen cr me wo:it recn:: ea tie erection of a furnace at tie 
Ro^ -il Xn—titudonj and an a—^^^tant was engatreci. 8erg^'an* finder- 
son, of tie Royal Artillery, who became a notable dmore familiar 
to all frequenters of tie lectures for more than five and thirty 
rears. 


expert 
were nc 

Council cf tie Royal Sceiery 


Xie long prepamtory course of experimental work led ulti- 
nmmly to tie electrical researches which haye rendered tie name 
of Faraday famous for all time. Beginning in 1824 with tie 
knowledge that as a current of electricity afiects a magnet, there 
must-be .abreaction of tie magnet on tie current, and the one 
'’O—-t tree, revoive rouna tne otner.tm 1831 he discovered 
£*-t*ro-magnetic induction, and so rendered possible the inven¬ 
tion or tne induction coil and magneto-electric machines, the 
torerunners of the modem dynamo, by which electric current s are 
generated and rendered applicable on a large scale to the prac¬ 
tical purposes with which all are now familiar^- And this is'how 
he wrote aOout his doings to his friend Richard Phillips : the 
letter is dated Brighton, November 29, 1831: “ 'We are here to 
refresn. I have been working and writing a paper that always 
knuCij: me up m health, but now I feel well again and able to 
pursue my subject, and now I will tell you what it is about. 
The title will be, I think, ‘ Esperimentai Researches in Elec¬ 
tricity ': I. On the Induction of Electric Currents: II. On 
tie Evolution of llatricity from Magnetism : HI. On a new 
Bectneal Condition of Matter ; IV, On Aiago’s Magnetic 
Pnenomesa." And then the writer gives to Ms friend a short 
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account of his principal experiments. But the remark quoted 
at'the begimihig serves as a warning of what was to follow. 
Faradav was now loxty years of age. and lor nearly twenty years 
had been constantiv'occupied in researches either under the 
direetion of his famous master, Davy, or his own, but all requiring 
constant thoueht. The result was over-fatipe of the brain 
acromnanied bv svmptoms which are not recorded as to the early 
a few wears led to fits of loss of memory and giddi- 
he worked on, with occasional holidays such as the 
cne 'at Briahton ji^t referred to, and a tour in France and 
Switzerland which he made in company with his wife and her 
teother in 18-35. 

About this time Faraday became occupied with the question 
of electric conductivity through solids and liquids, which led in 
the end to the great laws of electro-chemical decomposition 
tririchrile at the foundation of so much m chemical theory. By 
1834 he nronosed the new terminology which has been 
familiar for so long in chemical language. He would have 
avoided the word cuTreni if he could. In place of the word 
■pole he substituted the neutral term, ehdrode. He applied the~ 
term elecirdlyte to every substance which can be decomposed by 
the current-'and the act of decomposition he called decirolym. 
The positive electrode he called the anode and the negative the 
while the constituents of the decomposing electrolyte 
he called the iom. The youngest student of chemistry in th^ 
latter davs is familiar with all these terms, and he cannot go lar 
without fiscovermg that the borderland between physics and 
chemistxv is occupied with discussions relating to the existence 
of the ions, their a'ctions, reactions and behaviour under various 
conditions. And it is no wonder that Faraday^began to feel the 
strain of incessant work, for with aU the research gomg on he was 
still lecturing at the Royal Institution. Since 1829 he had been 
Wlso Lecturer at the Royal Military Arademy at Woolwich, and 
had accepted the appointment of Scientific Adviser to the T rinit y 
House in 1836. The work chiefly on lighthouse illumination 
engaged Ms attention for thirty years. Of course honours of 
alTMuds were showered on him, and in 1835 a prairion was 
gmnted to bim by the British Government, in which IMrd 
Melbourne was Prime Minister. In 1839 and 1840 less onginal 
work was done owing to the more frequent feeling of fetigue.^ 
The most important event in Faia^y’s life in 18^ was hs 
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sra ercrnmenrai Trork, £i:d lor rc:zr rears Lis me aacl to ce regu¬ 
lated acccrdiaglr. In the suuimei of this year the Faradays, 
with Mr. and Mrs. George Barnard, trent for three mcnths to the 
Eiine and Svrhzerland. They rested for seme time at Thun, 
and here iaraday made escursfons on foot which gave evidence 
of considerable activity and physical energy. On one of these 
over the Gemmi I^ss back to Thim he records in his diary forty- 
five miles in ten and a half hours, exemding two hours of rest: 

So that I think my strength cannot be bad or my reasoning (i) 
very insufficient. I would gladly give half this strength for as 
much memorv. but—what live I to do with that ? Be thank¬ 


ful." 


In 1845 iaraday resumed work cn the condensation of gases, 
and with improved appliances reduced many more to the liquid 
state, leaving hydrogen, oxygon, nitrogen, carbonic oxide, marsh 
gas and nitric oxide, which only yielded to experiments in other 
hands long afterwards, in the light of Andrews' discovery of 
critical tempemtnres. 

In the autumn of 1845 he made the lemarkabie discovery of 
the induence of a magnetic field of force on polarised light, and 
he pursued a seiies of experiments on the division of aii kinds of 
matter into these which are atrmeted (magnetic) and these which 
are repelled by the magi.trtie poles (diamegnetic tedii-). His 
further electrical researches were pubiished in the PLilcsovhkal 
Tra^sadiOiis. For these discov^eries the Royal Society in 1846 
awarded to him both the Eumford and the Eoyal Medals, an 
unusual double honour Justified by the unusual occasion. 

The experiments which led to the discovery of what he called 
magne-crystallie action followed naturally from his prectding 
work, but though ^^mday continued to pursue Ms researches at 
the Eoyal Institution and to lecture and to visit and it^pcrt cn 
lighthouses, remarks in letters to Ms wife and to his friends show 
that the strain which had been imposed so long on his physical 
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powers, especially in respect to memory, had not been per¬ 
manently relieved by the protracted holiday in 1841 andl:Iie 
three years following. 

About the year 1853 the phenomena exhibited in “table- 
tinming " attracted a great deal of attention, and Faraday was 
induced to make an investigation into the subject. The result 
was a letter to the Times, and at the Christmas lectures on 
Voltaic Eiectncity he concluded with remarks which sufficiently 
show his attitude toward the then excited condition of the public 
mind. These words of advice are just as valuable now as thev 
were in Faraday's time and as they must ever remain hereafter. 
Hh said : In conclusion I must address a few words to the 
intending philosophers who form the juvenile part of my audience. 
Study science with earnestness—search into nature—elicit the 
truth—reason on it and reject all which will not stand the closest 
investigation. Eieep your imagination within bounds, taldiig 
heed lest it run away with your judgment. Above all let me 
warn you young ones of the danger of being led away by the 
superstitions which at this day of boasted progress are a disgrace 
to the age. and which afford astonishing proofs of the vast 
fioods of ignorance overflowing and desolating the highest 
places.*' 

Faraday was now over sixty years of age, and 1855 saw the 
ena of that wonderful series of researches and discoveries in 
eiectncity and magnetism which were begun in 1831. It is 
wor*n 'Tiiiie to recall the cixciimstances under which this amazing 
amc ,.nt c: work was done. The Eoyal Institution had been kept 
anve fcj tne lectures given by Faraday. He had no grant from 
the Eoya. Society or from Government, except the pension in 
16do ; tne Institution could afford to give him only £100 a year, 
to wnich the Fullerian piofessorship added about £100 more. 

In IS5S, through the thoughtful kindness of the Prince Consort, 
tne Queen offered Faraday the use of a house on Hampton Court 
Green, and here he and his wife lived to the end of his life. From 
tens time onward increasing infirmity, chiefly in the form of loss 
or memory, .rd him to escape as much as possible from engage¬ 
ments cr a_ mnds. He was able to examine and report on some 
or the ngntnouses for the Trinity House and had the satisfaction 
cr seeing the magnetc-electric light at the South Foreland and 
Dungeness. In 1862 he was examined by the Public School 
tammissiuBers, and among Ms most memorable answers was the 











is mj rmsd reiigioss conyersation is generally in vain. Tiieie is 
BO pMIcsopny in my religion. I am of a very small and despised 
=eet 01 ClirntianSj known, if known at all, as Sandemaniam, and 
OUT nope is founded on tie faitli tiiat is in Clirist. But thongii 
tne But uial works of God can never by any possibility come in 
contradiciion wirk tne liigner tilings tkat belong to our future 
emstence, and must witk everytiiing concerning Him ever glorify 
Jdim, X do not tkink it at all necessary to tie the study of tke 

natural sriene .s and religion togetker. and in my intercourse witk 
my feliow-creatures tkai wkick is religious and tkat wkick is 
piilosopMcai kave ever been two distinct things.'' 

On reviewing tke career of Faraday on tke one kand, and of 
Davy, Lis great predecessor, on tke other, it is impossible to avoid 
recognising tke contrast between tke characters of tke two men. 
Agreeing in their ardent pursuit of new knowledge in experi¬ 
mental skili, in acute observation and scientific deductive and 
inductive reasoning, Davy was distinguished by kis poetic nature, 
ike eagerness with wkick he courted fame, and tke evident 
pleasure which ke derived from iriteliectnal society. Faraday 
from first to last jareferred tke more humble position of a simple 
enquirer after natural knowledge, with a renmrkable indifference 
ali^ to distinctions and rewards and to tke position commonly 
accorded to wealth. Davy's discovery of potassium and sodium 
supplied a new starting-point for tke whole science of ckemistiy, 
whM kis invention of the S(gety Lamp has been tke means erf 
savusg thousands human lives. Faraday's work on elec¬ 
tricity lies at tke foundation of all modem knowledge of tkat 
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AVOGADRO (1776-1856) 
CANNIZZARO (1826-1910) 

CHAPTEE XIII 

ATOSADEO 

“Essai d'me maniae de determiner les masses relatives dp= 
mol&nles elementaires des corps, et les proportions selons les- 
qnelies elles entrent dans ces combinaisons.” This is tbe ti+ie 
of the famous essay published in the Journal de PJiysique for 1811 
(vol. Isnii., pp. 58-76) in 'R-hich rrhat is knorvn as the Zcjc of 
Avogadro yas ennn_ciated._ The centenary of this publication 
has Deen cere orated by the issue of a handsome volume under the 
title Opere Scelie di Amedeo Avogadro by the Eoyal Academy of 
Sciences of Turm. It is prefaced by a historical introduction 
from the pen of jhe late ftofessor Icilio Guareschi, and from it 
may be garnered ail that is nort recoverable concerning the life 
and personality of the author of the essay. The foUotring pages 
contEii! a soiii6v>iiat abbieTiated account. 

^ Avedeo Avog^so, or, to^ give him his full title, Lorenzo 
Rumano Ameueo Lario Avogadro di Quaregna e di Cerreto. was 
bom in iunn, August 9, 1776. The family name Avogadro 
appears to nave onginated in De Advocatis. which by gradual 
conges in the language became successively Advocarii“^ccariL 
A.-:ogcari, in rererence to the legal functions discharged in ancient 
cunntCLAon especially with ecclesiastical business, and 
which ceeame hereditary. There were two divisions of the 
igi^ny connected respectively with Trevise and Vercelli. The 
-a-_er Vi tne jnvsicist, Cavaiiere PhUippo Avogadro, a member 
mvision, med. in 1812; his mother was Anna Ver- 
cyEone oi iiie.ia, a small place in Lombardy, near the nropertvof 
tiie Ayos^dn, " ^ ^ 

Avopd^^ obtained in 1789 the licentiate in 
^ baccalaureate in jurisprudence, 

autaining tne doctorate in ecclesiastical law. For 
was en^gea m tne practice of the legal profession. 
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In 1520 tne nrsr Italian ciair of mathematical phrsics was 
institutci hj Yictcr Emanuel I. in the University of Turin, and 
Avctradro held this prnfessorshiT; till the end cf 1522. when it 
was sunnressed fcr nnliiical reasons. Avcaadro received the 
title of Emeritus ftofessor with a small annual salary of €00 lire, 
and continued to occupy himself with his favourite j^cientinc 
subjects in connection with physics and chemistry. His most 
important memoirs were published between 16il and 1521, but 
others still interesting were produced during the following thirty 


years. 

In 1S32 the chair of mathematical physics was restored, but 
was occupied by the French physicist Cauchy during the first 
two years, when it was again given to Avogadio, who held it 
down to 18^. He then retired, and was succeeded by his pupil, 
Felice CM6. 

Avosradro married Donna Feiicita llazzi, of Eiella, by whom 
he had six sons, of whom two rose to positions of distinction : 
Count Luigi as General in the Italian army, and advocate Felice, 
who l>e<^me Resident of the Court of Appeal. Avogadro 
himself led a busy life and filled many public offices connected 
with national statistics, with meteorology, with weights and 
measures, and in 1848 he became a member of the Superior 
Council on Public Instruction. He cuitivated not only Italian 
but the Greek and lAtin literatures, and was familiar with 
English and German languages. He resembled Scheeie and 
Daltcn in the industry and modesty of his life. Ee cared 
nothing for prcminent position or honours. At tlie vtcientinc 
Connress at Turin in 1840 he was not even nominated a "lice- 
Eresident. He led, indeed, the life of a ptiioscnner oi tne 
andent type, occupied wimliy with Ms studies, winie not forget¬ 
ting his duties as a citizen and fether oi a family. One of the 
consequences of this retiring habit was that the funcMmentai 
law associated with his name was not immediately appreciated 
and adopted. It must be remembered, howev^, that at the time 
(iSlli it was enundated, chemists had net become iamiiiai with 
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the atomic doctrme so recentlj promulgated by Dalton and Ms 
supporters. The word molecule was then unknown in scientific 
literatuie. and being freely used by Avogadro in his first memoir 
{Journal de Physique, July. 1811, Paris) it probably led to some 
confusion in the minds of his readers, and induced them to 
attribute to Mm a confusion which did not exist. 

It would be beyond the purpose of tMs book to reproduce the 
whole of Avogadro's essay of 1811, which has already appeared 
in English among the Alembic Chib RepriMs (No. 4), and oif which 
the essential statement is to be found in every modem chemical 
test-book. It is only necessary to quote here the note which 
hsLS been appropriately added by Professor Walker to the English 
version. It is as follows: “ Avogadro has been accused of 
inconsistency in his use of the term ^ molecule,’ but a careful 
perusal of his paper will show that he uses it with its qualifying 
adjectives quite consistently as follows : 

''Mdk^ue (translated ‘'molecule’) without quaMcation 
means in modem chemical phraseology either atmn or molectde. 

"" Mdecme irdegrarde (translated ' integral molecule ’) means 
Ttiolecule in general, but is usually applied only to compounds. 

“ Mdecuk constUuante (translated *' constituent molecule ’) is 
employed to denote the molecule of an elementary substance. 

Mdecuk elememaire (translated ' elementary molecule ’) 
stands for the atom of an elementary substance.” 

The reader may be reminded that it was Avogadro who 
flowed for the first time that the molecules of many elements am 
composed 02 more than one atom and consequently that certain 
<m$85 ot combmation between elements must be represented, as 
15 now umveimiiy customary, by symbols denoting a double 
decomposition. It is only necessary to recall the two cmses of 
comomation of hydmgen with cHoiine, and hydrogen with 
oxygen, which are foinmiated in the following manner; 

HH + GiCl = HCl + HGland 
HE -f HH -t- 00 = HOE HOH. 

in these and all similar cases the formula expresses the same 
volume 01 element or resulting compound so long as it remains 
in tue state oi gas and at the same tempemtuxe and pressure. 
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At tie death of Berzelius in 1848 theoretical chemistry was 
in a position cf great confusion, from which it took nearly twenty 
years to emerge. The theory of compound radicals wns generally 
accepted as the result of the discoveries of cacodyl (ty Bunsen), 
and the benzoyl series (by Liebig and Wohler); but ideas of 
“ constitution,^' that is, the arrangement of atoms in the mole- 
cule^ were extremely crude, and necessarily so because the facts 
connected with the combining capacity or valency of the ele¬ 
ments were still unknown. The type system of classification 
was also undeveloped, and the work of Williamson and Frankland 
was wanted before furtlier progress could be made. But before 
proceeding to trace their history it will be convenient to deal at 
once with the consequences of the application of Avo^droe 
imiieiple to chemicai doctrine. It was fitting that the exposition 
should have been undertahen by an Kalian man of science, 
Stanislao Cauniz^ro, but it was not given to the world till 1858, 
or nearly half a century after the publication of the essay by 
ATO^dronthe anthcmof this'fan^mental idm. 
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CHAPTER XIY 


CAXXIZZAEO ^ 

The career of Statoslao C axjozzaeo was completed in an a^e and 
eountrv mli of romance. Born as lie was under the rei^ of a 
Bourbon in the kingdom of the two Sicilies, he lived to see the 
miserable conditicns which beggared and enslaved his own com¬ 
patriots swept awaj; he took a part as soldier and Senator in the 
regeneration of Italian nationality, and during the latter half of 
his long life he enjoyed the freedom which belongs to a united 
people under a constitutional monarchy. 

His experiences as a man of science were no less remarkable, 
for it may be said he began work almost before modem chemistry, 
of which he helped to Fay the foundations, had been called into 
existence, \nien Cannizzaro was twenty years of age, Liebig in 
Germany, and Dumas in Irance were at the height of their fame: 
while in England Wiiiiamson’s ideas were beginning to attmct 
serious attemion. Many yearn had yet to elapse before a real 
system could be applied to the masses of fects then so rapidly 
accumulating. 

Stanislao Cannizzaro was born in I^lermo on July 13,1826." 
Tne family came from Messina, and its members at different times 
e.cl important offices in that city and elsewhere in Sicily, 
tanis.ao's latner, Mariano Cannizzaro, was bom in Messina, but 
^ e became a magistrate in Palermo and Minister of Police, and 
later Prssiaent of the Gmn Corte dei Conti. The mother was 
Anna di Benedetto, a member of a noble Sicilian house. There 
was a ^arge tamiiy, of which Stanislao was the youngest. He 

^ une rcuGwing account is adapted from the Cannizzaro Memorial 
given to tne Oieimeal Socie^ on June 6, 1912, by liie anffior. 

ts relating to Ms fethers life, I am indebted cMefly to 

A. Marianc Camsizzaio, 
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In 134L at tte age of fifteen, Cannizzaro began the etudy of 
medicine at tbe UniTeisity of i^lermo^ and especially tne study 
of pbysiologT under Professor Fcdera. Tbe University was at 
tbat time in a very imperfect condition, degrees being conferred 
only in tbe mculties of medicine. law, and tbeology. Cannizzaro 
tmk no degree, but in 1S45 proceeded to iSapIes, where Ms sister 
Angelina had married the jtlarquis Rufio. son of King Ferdinand's 
Prime Minister. Here, after taking pert in the proceedings cf the 
physiological section ef the scientific congress held in that year, he 
made the acquaint;nee of the famous physicist Melloni, and after 
working for a short rime in his laboratory he proceeded, with a 
warm recommendation from Melloni, to Professor Piria at Pisa. 
The infiuence of Piria over his young assistant was fortunately 
sufficient to determine the latter to devote himself permanently 
to chemistry. Piria was just then at the height of his fame. 
Justly following Ms discovery of the eonstitution of saliein, a very 
noteworthy feat in those early days of organic chemistry. 

Cannizzaro, although an enthusiastic student, could not escape 
the enects o: the ptlitic^I aMtation wMch exercised an influence 
SD powerful on his compatriots at that time. Those were dark 
sdays in the Mstory of the country, and the atrocities committed 
in the name of order by Ferdinand's government had aroused 
not only the spirit of the Sicilians, but the indignation of, at least, 
the English people. Beside. ItaHaii soil was occupied in the 
north by the armies of Austria, there was clerical misrule in the 
Papa! States, and threughout Europe revolutioii was the order of 
the day. Cannizzaro respending to the prevalent feelings of 
patriotic fervour, ioined in the premature rebellion in SicBy. 


* TreTeljaris Garibaldi u::d the Dejerx-e of Ae Boman BepyBMCf p. 55. 
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Eetumins from Hsa to Ms native coxintiy in 1847, he joined the 
Sicilian artiilerv, and commanded a battery at Messina. After 
the fall of Messina he was sent to Taormina with a Government 
commission to oppose the advance of the Neapolitan troops under 
the General Principe Filangeri, but after March, 1849, the defeat 
at Nova'ia. and the abdication of Charles Albert, the Sicilians 
were ooliredro retreat towards Palermo, Cannizzaro being among 
fPs to oppose the Neapolitans. On the rail or tne Sicilian 
Government he embarked mth some others on board the fripte 
h-desenieiiie. which, escaping the Neapolitan fleet, succeeded in 
Marseilles. Alter some months Cannizzaro made his 
wav to I’arls, and having found admission, presn^bly through 
the' inticduction of Piria, into the laboratory of ChevreuI, he 
resumed his chemical studies. Here he joined Cloez in work on 
cvanosen chloride and the prodnction of cyanamide, and their 
resilts," published in 1851, "constituted Cannizzaro’s first con¬ 
tribution to the records of chemical research. 

At the close of 1851 he was able to return to Italy, ha-mg been 
appointed professor at the National School at Alessandria, where 
he had the advantage of a small laboratory and the services of an 
assistant, “un farmacista giovane intelligente’’ (letter to 
Bertagnini). Here he was so occupied, body and iQind,_with his 
teachmg that, as he complained to Ms friend Bertagnini, he Md 
little hope of being able to pursue Ms own studies. Notwitn- 
standing'these unfavourable conditions, however, he discovered 
in 1853 the alcohol corresponding to benzoic acid, wMch he 
obtained bv the action of potassium hydroside on benzddehyde, 
and wMch 'he continued to'study during several succeeding years. 

The summer holiday of 1852 was spent with Berta^mi, who 
had a gwisll private laboratory at Montignoso, and here the 
friends carried out work on anisic alcohol, wMch, however, tos 
not published until 1856. In 1854 Piria_, in association with 
Mattenc^i, produced tie first number of tie new jouni^ E 
Nmvo Cimento, wMch was to be the organ of the Pisan schiMi, 
and to the second volume Cannizzaro made the contnhuLUiE 
referred to above. H Nuovo Cimento was not established withoui 
some suspicion on tie part of tie Genscx, tne Ciancelloi Cariin^^ 
Axcibmiop. that and pnysics, ^^scienze pericolose. 

miglit c»use some damage to the faith (Numa Ardohffia, June* 

191i,p.4^. .... . rn- • ^ 

In 1855 Canniz^io accepted an invitation to tie C’xiair Oi 
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became Rector of the University, and in 1867 he acted as Oom- 
missioner of Public Health during one of the severe outbreaks of 
cholera, in the course of which he lost a sister, struck down by 
the disease while nursing the sick. 

Cannizzaro remained in Palermo about ten years, and durbi? 
this period the work he was able to accomplish in chemicH 
research related chiefly to the derivatives of benzylic alcohol and 
other aromatic substances. It is interesting to recall in this 
connection the fact that among the young men who came under 
his influence at that time was one whose name a very few years 
later became renowned throughout the chemical world on account 
of the great memoir (1374), in which was established once for all 
the principle by which the orientation of ail the derivatives of 
the so-cailed aromatic substances can be determined. Komer^ 
rule is familiar to even junior students of organic chemistry. 

In 13/1 Cannizzaro was called to Rome to occupy in the new 
University the Chair of Chemistry, which he retained until death 
summoned Mm away so many years later. Even in the capital 
city he again found no laboratory, and he was obliged to suspend 
his researches wMlst occupied in organising the chemical institute 
which found shelter in the old monastic buildings in the Yk 
Panispsma. Here he ultimately established a school, and in spite 
of the heavy oScial duties wMch devolved on the professor he 
continued during many years the study of the complex and 
interesting compound, santonin, and worked out its constitution 
with the co-operation of his pupils and assistants, Amato, (kme- 
lutti, Gucci, Sestini, Valente, and others. 

At tne same time that he received the call to the University 
lie was made a Senator of the kingdom, and as a Blodeiate Liberal 
played his part m shaping the Constitution, and establishing 
retorm in the afiairs of the now united Italy. Among other 
duties winch fell to his lot was the organisation of the Customs 
laDoratory and the Regia dei Tabacchi. He was also a member 
oi tne nigiier Council of Public Instruction, of wMch for some time 
he was Iresident. He roither occupied himself with the pro- 
visioii ot puolic instruction in agriculture, and generally in helping 
lorwara tne advancement oi science and of the liberal professions 
m Italy. When the Congress of Applied Chemistry met in Rome 
m tne year 1^6, Uannizs^ro was Honorary President, and it was 
gmtirying to tne visitors from so many lands to see the vivadty 
and ener^ with which the old man, then in Ms eightieth y^* 
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of 'Water about an atom of oxygen. For the most part. aLo. 
they had never heard the name of Avogadio. Considemble 
advances had been made toward the estimation with exactitude 
of what were then usuaily. although incorrectly, called “atoinic 
weights," notably by Berzelius, Dumas, Pelouze, de Mariimac, 
and Stas. The figures thus afiorded by experiment were'onlv 
equivalents or combining proportions, uncorrected by reference 
to any standard, for the excellent reason that there was no 
standard generally recognised : and even in the use of the term 
" equivalent " there was the utmost confusion, of which evidence 
is provided by the statement in one of the most widely circulated 
text-books of the period (Fownes, 1856) that the numbers called 
equivalents " represent quantities capable of exactly replacing 
each other in combination,’* the list of numbers referred to 
including nitrogen 14, carbon 6 , whilst hydrogen was 1 , and all 
were said to be equivalent to oxygen taken as 8 . 

The consequences of bringing equivalents to the same volume 
were at this time, and even much later, not considered by the 
great majority of teachers, and although vapour densities were 
frequently the subject of experiment, the results were used merely 
to check the empirical formula deduced from analysis of the 
substance, and few thought of adopting a standard volume and 
revising the empirical formula so as to harmonise with it. E, 
for example, the vapour density of acetone was found, it would be 
used merely to substantiate the formula deduced from analj^, 
namely, C 3 H 3 O (C = 6 , 0 = 8 ), and “whether the rational 
formula of acetone is CgHgO or CgHgOg or CgHgOg the vapour 
density does not enable us to decide ” (Gallowav’s Seamd 
1864, p. 6^. 

This is surprising in view of the fact that so far back as 1826 
Dumas, in the memoir in which he describes his weli-known 
method of taking vapour densities,^ refers to the met that all 
physicists agree in supposing that in elastic fluids under the 
same conditiGiis the molecules are placed at equal distances, or 
m equal numbers in the same volume. 

Up to this time also the conception that the ultimate particles 
oi the elenmnts themselves might contain more than one 
atom iiad not been commonly accepted. It was believed that 

* “Sur qnelques points de la Theorie Atomismque (Ann. €Mm, 
3A P* 337], 
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the probable forms of the “ particles (molecules) of crystallised 

^''‘'Ev^’'i"thcse chemists who are generally supposed to have 
of Avosadro's idea have neglected all reference to its 
for example, ignored the Italian physicist, 

- In tte DuBer on vapour densities already quoted 
r**]! Lis narrie in the following passage, which forms 

o- thi^ nieiaoir: ‘‘Nous sommes bien eloignes 
ou la chimie nioiecuiaire pourra se ainger par 

^ "* _ l-.c -fTA^ h-nrnprcpt mip ppttp 


des logics 

•partie cie la niu:o=^on 


malgre les avcntages immenses que cette 
turc-ile a retires des travanx de UDI. 


y; .: 2 :'-ius. Dulor.s et Petit, iVlitscherlich, ainsi des 
w-sTheoriques'^de i^DL Ampere et Avogadro. Luctiwite 
«ir. 2 uiifcre d>?*M. Berzelius et le bon esprit des chimistes dont i! a 
Ai>':nehi rAHemasne pourraient cependant taire esperer sur ce 
nUr important ^.ine'revolution prochaine et durable.” 

""■‘S was not. however, until thirty years later that this revolu- 
tlo’i was bxouVat about, and its author was a chemist from no 
ncrthem school. The year 1858 must for ever be distmgmshed 
jT^'-rTii-s hi'torv of cuemistrv, tor it was then that Ca nn i z z a ro leo 
the*waToh' of the darkness in which all had been so long 
^ t ^ in . 

After this uieamble we may more, easily realise the nature ana 
exte-Gt the revelation, as it may well be called, which students 
of ^emkrv ewe to Cannizzaro. That it remained for some 
unknown mav be attributed in part to the barner 
ennsti^-i bv the lannuage in which his essay was crignaliy 
not creditable to the chemists ci 18^ tMt 
the Cenrress held at Carlsruhe in September of that year, at 
which Cannizzarc was present and expounded his views, shoulci 
havellisnersed withont"a general acceptance of the fundamental 
ndi' einles which to us seem unassailable. The only excuse whicii 
rr-e!trs itself now is the fact that at this period the difficulties 
Lmsi"" - cut of dissociation of compounds like sai-ammoniae and 
-uluh’iric acid when volatilised bv heat, and which gave rib6 to 
the sD-tailed anomalous vapour densities, had not been clearea 
awav. To contend, as some speakers seem to have done, tlmt 
these subiects are matters of opinion, and that every scientmc 
man is entitled to perfect freedom in respect to the "^;iews he 
uduuts. is to misunderstand the case. In art, in wffich neid 
s_-:.tiinent. emotion, and taste are the only consideration^ 
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and tne confusion vMdi resulted from the failure to distinguish 
molecules from atoms. In order to bring harmony into the 
various branches of chemistry, he then shows that by applring 
the hypothesis of Avogadro the weights of molecules may be 
determined before their composition is known, and that a know¬ 
ledge of their composition is not necessary to this end. Baring 
settled the molecular weights of a series of substances containing 
one element in common, the discovery is made that the diSerent 
quantities of the same element contained in different molecules 
are always whole multiples of one and the same quantity, which 
represents the atomic weight. After studying the constitution 
of various volatile chlcrides, bromides, and iodides, tie question 
of the constitution of mercuric and mercurous compounds arises, 
and the author proceeds to show that the smallest pioportion of 
mercury present in any molecule containing that element is 200, 
and that this is therefore the atomic weight of the metal. This 
number is then confirmed by S-ppeal to the law of specific heats. 
The analogy of the chlorides of copper with those of mercury 
ne3d: leads to the examination of these compounds, but as the 
vapour densities of these salts are not known, the specific heat 
of copper and of its compounds leads to the number 63 as the 
atomic weight of copper. Whether this is the molecular weight 
of the uncombined metal there is no means of knowing until the 
va pour density of this substance can be determined. Many other 
metals are then examined, and the author points out that in such 
cases as tin, which produces compounds volatile without de¬ 
composition, and of which the molecular weight can be deter¬ 
mined, the atomic weight deduced from specific heat is in agree¬ 
ment with that deduced from vapour density. But then the 
question arises; "" Are the atoms of all these metals equal to their 
milecuies, or to a simple submuitiple of them 1 And he pro¬ 
ceeds : " I gave you above the reasons which make me think it 
probable that the molecules of these metals are similar to that of 
mercury; but I warn you now that I do not believe my reasons to 
be of such value as to lead to that certainty which their vapour 
densities would give if we only knew them.” Herein he di^rs 
from &erhardt, who had represented the atoms of ail the metals 
as fra ctions of the respective molecules, as in the case of hydrogen. 

A little later Cannizzaro came very near to the modem ides of 
vaieney when discussing the capacity of saturation of different 
atoms. When referring to diatomic radicals as '"those which, 
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pr 6 T 2 .il 6 d smciis cii6niists curin^ t=li6 last-forty yoars oi xnorp as 
to tne fundamental principles inculcated by Cannizzaro is a proof 
that his svstem is not only reasonable but is practically^ con¬ 
venient. We are not now ^vided into parties on tbe subject of 
atomic -weidits. and although some may still incline to use 
hvdrogen as the unit, whilst others prefer an exact integer for 
oxvgen. these dinerences do not anect the notation or the 
eonnnon lanauage of chemistry. As a result of a uniforrr: 
standard for atomic weights we now possess a natural system of 
classineation of the known elements in the form of the periodt: 
scheme with all its consequences, which will be described later. 
Out of the revised and uniform system of atomic weights we also 
have a universaUv acknowledged system of constitutional 
formuljB. based on valency, which we may define as the habit in 
resard to combination exhibited by the several elementary 
atoms, without necessarily forming any hypothesis as to the 
cause or nature of chemical ""afeiity.” The wonderful dis¬ 
coveries which have been brought to light in the department of 
stereochemistry provide a body of evidence in favour of atomic 
structure which can never he set aside ; and the day is now gone 
bv when serious support can he found for any form of anti-atomic 
doctrine, since we have been shown how single atoms can be seen 
and counted- 

That all this knowledge would have come into the possession 
of mankind sooner or later cannot be doubted, but that this 
generation enjoys all the fruits of experiment in chemistry we 
owe to Cannizmro. Without the clear light which his doctrine 
cast into the dark places of chemical theory sixty years ago 
chemistrv might have remained a mass of unclassified, incoherent, 
and iDsrplexing facts. 

This'is whv it is incumbent on this generation of chemists to 
do honour to his memory. The English Societies cannot be 
charEed with indifierence to the great services rendered to science 
bv Canniz^ro, for, as mentioned at the outset, his name vus 
placed on the limited roll of Honorary Members of the Chemical 
Society so far back as 1862. Ten years later he was invited to 
give the second Faraday Lecture, and again in 1896, on the 
occasion of Ms seventieth birthday, an address was presented to 
him on behalf of the Chemical Society, in wMch full expression 
was given to the feelings of respect and admiration enteirtamed 
bv all the Fellows of the Sodety toward the veteran chemist. 
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ATTEMPTS AT CLASSIFICATION 

Liebig (1803-1873) Dumas (1800-1884) 

CHAPTER XT 

LIEBIG ^ 

Little more than a hundred years ago Europe was plunged in 
the misery of war. We who have survived the horrors of the 
recent war can appreciate the condition of the world at that time. 
Then, as in our day, almost every country had suffered the bitter 
experience of seeing the devastation caused by the passage of 
contending armies, the death and suffering of thousands of 
fighting men, and the want and desolation spread over still 
greater numbers of a helpless population. Amid all the wretched¬ 
ness of the time, insecurity of property, dearness of food, frequent 
changes of governments, and every condition which would 
appear to be unfavourable, the study of nature steadily went on. 
France, still staggering from the shocks of the revolutionary 
period, had still many distinguished men of science, Laplace, 
Bertholier, Lamarck, Cuvier, while the memory of Lavoisier was 
fresh and green, and Gay-Lussac, Dulong, Arago, and Ghevreul 
were among the coming men. England, still engaged in the 
struggle with Isapoleon, possessed Humphry Davy, Eumford, 
and Dalion, and Herschel among the astronomem. Henry 
Cavendish was still living, though an old man, and Priestley was 
but lately dead. In Germany, Goethe might be counted among 
the -paries of science, and Prussia had sent forth Humboldt to 
survey the world, while in Italy, Volta was busy in the study of 
electricity, and Avogadro, little noticed by the world, was 
meditating on the properties of gases and preparing for the 
enunciation of the great principle which is now associated with 
his name, though it took the chemical world haK a century to 
recognise it. Berzelius, then young, was preparing, by his eager 


^ The foUowing aecomit is adapted from a lecture delivered at Oxtod 
os August 23, 1911, at the Fifteenth Summer Meeting, by the autto. 
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We may now endeavour to sketch, in outline, the state oi 
knowledge and theory when liebig entered on his career. 

The modern use of the term element, which had been intro¬ 
duced by Boyle in the 17tli, century, was by this time universaiiv 
adopted, and to the list which included the metals had been 
added such important substances as oxygen, hydrogen, nitrogen, 
and chlorine. To use the words of Davy, in one of his researdies 
on cMorme, “ Neither oxygen, chlorine nor huorine are assened 
to be elements; it is only asserted that they have not been 
decomposed." And that is the sense in which the term in 
modern times has always been used. The process of burning or 
combustion was, of course, now always explained by la'^isier’s 
doctrine, according to which a body in burning combines witb 
the oxygen oi the air, and forms one or more chemical compounds 
with it. At the time that Liebig went to Giessen, in 1824, Sir 
Humphry Davy was stili living, but his scientific career was 
practically closed, and Berzelius was the predominant authority 
in matters of theory. Gay-Lussac, in Paris, had made important 
discoveries relating to the proportions in which gases enter into 
combination. Dalton’s atomic theory, propounded in 1808, 
though not generally accepted, w'as gaining ground. Broadly, 
the position was this: elements were clearly distinguished from 
compounds, chemical combination was explained by the sup¬ 
position that it was due to the close approximation of atoms of 
opposite kinds, and the union of atoms to form a chemical com¬ 
pound was attributed to the attraction caused by charts of 
electricity of opposite nature, which were supposed to be resident 
on the atoms. 

But the composition and nature of organic ” compoimds 
were practically unknown. A few such substances had been 
isolated, e.g,, milk sugar and grape sugar were known as distinct 
substances, and were dinerentiated from common sugar. Alcohol, 
neariy pure, had been known, in the form of spmt of wine, from 
early times. Acetic acid was known, as well as several acids 
found in vegetable tissues, such as oxalic, formic, malic, tartaric, 
and benzoic acids. There were, however, no means of determin¬ 
ing their composition, and although Lavoisier had devised an 
ap^mttis in which organic compounds could be burned m 
oTjgm* and the water and carbon dioxide thus formed (M>uld 

the process was both cumbrous and incapable of 
y^Mng exact results. 
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in tne work of all, everyone learned from the otkers. Twice a 
week in winter I gave a sort of review of the more important 
questions of the day. We worked from break of day tifl night¬ 
fall . Dissipation and amusements were not to be had at Gie^en. 
The only complaint which was continually repeated was that of 
the attendant, who could not get the workers out of the la boratorv 
in the evening when he wanted to clean it.“ 

Such was the spirit and such the method by which a great 
school was created 1 Nor was this the only result. To tie 
innuence and example of the school at Giessen may be attributed 
the rapid spread of the new method of teaching chemistiv. In 
1824 there were no laboratories devoted to the purp<ies of 
instruction. A few of the most eminent professors of chemistrT 
—Berzelius in Stockholm. Gay-Lussac in Paris, for example— 
admitted one or two students already advanced in the subject to 
practise in their private laboratories, but only as a great favour. 
In this way Mitscheriich, Eose, Wohler, and Magnus had repaired 
to Berzelius in Stockholm as Liebig had gone to Paris. But in s 
few years the fame of what Liebig was doing in Giessen pene¬ 
trated to other countries of Europe, and many of the men who had 
studied under Ms direction became teachers in other lands. 
Here in England no chemical laboratory for general instraction 
existed, and only in the medical schools were a few tests described 
and shown. In London the Society of Apothecaries had s 
laboratory wMch had existed since 1671; but tMs was used not 
for teaching, but as a place of manufacture of drugs for use in 
medicine. At Cambridge the professor of chemistry was a 
country clergyman, who came up once a year to give a conme of 
lectures. At Oxford the professor of chemistry was also, later, 
professor of botany, and in neither university was there a 
labomtory for instruction, nor was chemistry a subject recognised 
in the curriculum for a degree. Twenty years later thin^ bepn 
to impmve. In tMs country the first laboratory for instruction 
in poetical chemistry was provided by tbe then newly insrituted 
PlmrmaceiitiGal Society of Great Britain at their premises in 
Bloomsbury Sqimre. TMs was in 1844, and in the following year 
a new and enlarged laboratory was fitted with places for twenty- 
one students. ^ About this time the Eoyal College of Chemistry was 

- I mw iMs laboist^iy about 1857. It had the aspec^^ wMdi (m 
usually with ideas of the alchemists. Many of the operatiesa 

were connected with the of furnace, such as fusion, sublimatimi, ete*, 
and the place was full of smoke and fumes. 
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Liebig’s contributions to pure chemistry, though so numerous 
and important, can be recalled only briefly. They may be placed 
under three heads, namely, first, the invention and perfecting of 
a method for analysing organic compounds, which in all essential 
features is still practised ever 3 ?wheTe. 

Secondly, the discovery of a large number of new compounds, 
of \tiiich even the names cannot now be mentioned for want of 
^ee, but which include chloroform and chloral and many 
cyanides. He also established the formula of uric acid and the 
nature of aldehyde. 

Thirdly, we owe to liebig the conception of the theory of 
compound radicals, which arose out of his researches jointly 
with Wohler (1832) into the products from essential oil of bitter 

almonds. 

In a letter to Wohler (May 26,1839), Liebig writes that he 
is occupied with the study of the phenomena of fermentation and 
putrefaction, and having sent an account of his views to Wohler, 
another letter, dated June 3rd, discusses the criticism which he 
has received from him. In the postscript to this long and 
interesting letter, we find a concise statement of Liebig’s hypo¬ 
thesis eonceming the action of ferments. 

liehig's explanation of these changes was based on purely 
mechanical ideas as to the motions of the hypothetical particles 
or atoms. He imagined the atoms of a substance which causes 
fermentation or putrefaction to be in a state of unceasing 
vibmtory motion, and that this state of agitation was com¬ 
municated to the molecules of the sugar, causing them to undergo 
an internal le^rangement, and to break down into simpler 
structures of a more stable nature, in the case of al(X)holic fer¬ 
mentation of sugar, in fact, into alcohol and carbon dioxide. 

liebig made the mistake of ignoring, as nearly all chemists 
and biologists of that time ignored, the constitution of the 
ferment. In 1859 and following yearn, Pasteur, the great French 
cnemirfc, demonstrated the essentially vitalistic character of the 
phenomenon, and showed that the destruction of the sugar was 
as efiect concomitant with the growth and multiplication of the 
cells of a minute organfem, visible under the microscope. A 
special form and character of organism is concerned in each type 
of fermentation. 

The organist character of yeast had been proved many years 
before by the obsermtions of Kutring, Cagniard Latour and 
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fundamental principle on wmcli the greater part of modem 
science is built, namely, the constant appeal to nature, not only 
by observation, but by systematic experiment. 

In Liebig’s time all biological processes were supposed to be 
controlled bv what 'w&s called “ vital force,” that is, something 
which is not mechanical force, nor heat, light, electricity, nor 
chemical affinity. We are still a long way from knowing wimt 
life is, but to show how far some physiologists have travelled in 
the opposite direction, a very short quotation from a recent book 
mav be given. Concerning the use of the term metaboKsm,” 
which is^a comprehensive word covering ail chemical changes 
which go on in the body during life, the writer directs attention to 
its implication "that all the phenomena of lite are, at bottom, 
chemical reactions. When a muscle twitches no less than when a 
gland secretes, it is not too much to say that when we are moved 
to teais or laughter, it is chemical reactions that are the under¬ 
lying causes to which ultimate analysis must lead us.” This 
must be regarded as an extreme yiew. 

Turning first to liebig’s classification of foodstuffs. He 
endeavoured to account for the maintenance of the animal 
iunctions, the growth and repair of the body, beside the main¬ 
tenance of its temperature, 

Liebig attributed, as we believe correctly, the heat produced 
in the bodv to the process of burning, which goes on in the tissues 
in consequence of the absorption of atmospheric oxygen. liebig 
was alscTright in Ms assertion that animals do not necessarily 
derive fat from their food, but the animal body is a laboratory, in 
wMeh fat mav be manufactured from carbohydrates, such as sugar 
and starch. The substance burned in the body is material de¬ 
rived from the food, but it has long been imown that the sub¬ 
stance thus burned does not consist exclusively of sugar, starch 
and fat, wMch liebig called resmraiory foods. 

The other constituents of food, now included under the 
geneml term protein, wMch contain nitrogen, and are more or less 
like white cf egg in properties, he called plastic foods. These 
were suorosed to produce new tissue, or rej^ir waste, and to be 
the source of muscular energy or power to do work. 

It is now known that the case is by no means so simple, and, 
in fact, tMs classification now possesses only historical mtere^. 
The whole question when considered in the light cf modem 
knowledge is, in fact, a nmss of difficulties, and very fer bom 
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of that esBmple in stimulating systematic investigation of 
agricultural questions. Bv 1840 Liebig was one of the most 
famous chemists in the world, and the effect of his inquiries is 
shown in the activity which became manifest almost immediately 
after the communication of his first report to the British Asso¬ 
ciation at the Glasgow meeting in 1840. In Germany the 
Government instituted a large number of Yersuchs Stationen in 
different parts of the country, and in 1843 the systematic esperi- 
ments were started at Eothamsted which must for ever place the 
names of I^wes and Gilbert among the benefactors of the world. 

Liebig died in 1873: but the period of his greatest activity 
in science lies further back by thirty years. Vast changes ha ve 
since been brought about by chemical discovery, which, be it 
alwajTs remembered, is based on experimental work in the 
labomtory. That is the reflection which supplies the explanation 
of liebig's great influence on the progress of science. That 
influence was fully recognised by the generation of chemists now 
just passed away, and it seems to be a duty to preserve as long 
as possible a memory so rich in past benefits and so full of 
suggestion for future use. 

Liebig made many discoveries in chemistry; but his great 
and permanent service to the world was not in the isolation and 
st udy of individual compounds or series of compounds, nor in the 
conception of theories of chemical action, nor even in views which 
he promulgated concerning the operations of agriculture, the 
composition of food, the processes of digestion, or the souice of 
animal heat. His great service consisted in showing hovv 
chemistry should be studied and how it should be taught, in 
setting the example of submitting all questions to the light 
obtamed by direct experimental study of nature, and in thus 
affirmi n g and illustrating the principle that what is called pure 
science is of greater permanent value than what is called applied 
science : a knowledge of the laws of nature is more useful than 
many inventions. 

In the Giessen laboratory were trained a considerable number 
oi chemists, many of whom became the teachers of the next 
generation. From these teachers and their pupils, guided by the 
same principles as thc^e of the Giessen school, came discoveries cf 
nr^-iate importance. If Hofmann, a student of liebig’s, had 
not been attmcted to the study of aniline, an inconsiderable 
c^nstitueiit of coal tar, if ids pupil, Perkin, had not been led to a 









200 FAMOUS GHEMBTS 

ii^w-paD jr arridc:^ Augsburger AMgememe Zeitung witi tie 

obi:rct o: bringing wiridn the ken of the general public some of 
the more iiapeitant consequences of the advance of knowledge 
in Goniiecrioii wirh the affairs of everyday life. 

A^ain, up ro l^AI, Berzelius had for many years prepared 
a:iu.iaU%- a JahresbericM vber die Fortsoh/ritte der 'physischen 
Wissensohifien. but near the end of his life this laborious iinder- 
taidng was no longer possible for him, and Liebig, in association 
with Humaiin Kopp, the physical chemist, commenced the 
Jaiif^sberkht, which, so far as chemistry and the allied sciences 
are concerned, continues to this day. It is no longer so important 
as lormeriy, having fallen behind in date, but for certainly forty 
years it was indispensable to every practising chemist who was 
directly or indirectly interested in the progress of the science. 

Since the days of seventy or eighty years ago, when Liebig set 
these enterprises in motion, the number of periodical publications 
devoted to recording advances in chemistry has greatly increased, 
and a number oi Journals now appear at regular intervals of a 
month, a fortnight, or even a week, which have become necessary 
in consequence of the specialisation which is characteristic of our 
rime. We have therefore journals of inorganic chemistry, 
physical chemistry, applied chemistry, and some limited even to 
one topic, such as electrolysis or radium. Liebig’s Annalen^ 
however, continues to hold an honoured place in every chemical 
libmry. 

The creation of a school of thought, such as that of which the 
chemical school at Giessen was the centre, requires originality as 
well as learning in the teacher, intelligence in the taught, and a 
sympathetic relation between professors and students. These 
are more important than buildings and appliances. But much 
influence is esereised by the environment; that is, by the attitude 
of the public. Appreciation of learning and interest in the 
results of research have long been provided more freely in 
Germany than in England. Though we cannot now admit, 
without qaalincation, the reproach of Liebig, already quoted, it 
is still true to some estent that what the public in England wants 
is invention rather than discovery; the applications of knowledge 
before the knowledge itself. 

Some people will doubt, perhaps, whether we are so much 
behind Germany, '"learned, indefatigable, deep-thinking Ger¬ 
many,” as Carlyle called her. We have an immense amount of 
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distinguished for the discovery of broad general principles. 
German triumphs have been more frequently the result of that 
patient attention to detail which seems characteristic of the 
German mind. 

Take, by way of illi^tration, tie problems which at the present 
time loom largest before the chemical world. There are first the 
relations among the atomic weights, discovered by Newiands, an 
Engiishman, and worked out by Mendeleeff, a Eussian; next, 
the arrangement of atoms in space, or stereo-chemistry^ to which 
the clue was furnished by Le Bel, a Frenchman, and van “t Hofi, 
a Dutchman : next, the process of electrolysis and the constitu¬ 
tion of salts in solution, of which by far the most important 
theory, the theory of free ions, was supplied by Arrhenius, a 
Swede. Again, there is radio-activity with all its consequences, 
the isolation ci radium by Madame Curie, and the greater part of 
its wonderful history, worked out by Eutherford and Eamsay, 
both British chemists. Practically the whole of modern know¬ 
ledge concerning the constitution of atoms is the product of 
investigation in British laboratories carried out by Crookes, 
J. J. Thomson, Eutherford, Seddy and a few others. To those 
great fields of inquiry Germany has, doubtless, made contri¬ 
butions, but she did not discover them. 

In the course of his busy career Liebig was led into many a 
controversy, and if in the heat of cascussion he was sometimes 
tempted into the use of expressions which seemed to indicate 
undue bitterness of feeling, it is not to be inferred that his nature 
was iraseiDle or uniust, and tbat kindness and generosity were 
unknowTi to him. There seems no doubt that" while he held 
mther tenaciously to theories of his own. his respect for truth was 
such tliat te was ready to change his view so soon as 
well-estabiished facts proved him to be wrong. Among men of 
science it may also be said that few were more free from personal 
vanity, and notwithstanding the very numerous distinctions 
bestowed upon him by the scientific institutions and Govern¬ 
ments oi England, France and Germany—the Copley Medal of 
the Eoj^l Society, the Foreign Associateship of the French 
Acaaemy, tne order Pgut le Merite —they affected in no way the 
simplicity OI ius hie or his devotion to the pursuit of science. 
Hofmann, a former student under liebig at Giessen, made the 
story oi his iite the subject of the Faraday Lecture given by hiin 
to tne Ciiemical Society in 1875. In this lecture he related an 
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mfght take. He went on to teU me tiiat fortnnatelT lie tad 
discovered tne quinine bortis.and made up. with a portion of its 
contents, a box full of powders, sufficient, he hoped, for our 
wanderer's perfect cure. After another half-hour’s walk, the 
powders were delivered to the soldier, with instructions how 
often thev were to be talsen. Not a word was said of the long 
walk they had cost the kmdly donor.” 

In the later years of his life Liebig suffered a good deal from 
bad health, and when Wohler proposed a joint research liebig 
was miable to accept the proposal. His life at Munich was 
sufficiently filled with occupations, partly domestic and partly in 
the application of scientific notions to practical purposes, such 
as making bread and the preparation of foods for invalids and 
eiildren. In 1871 he gave an address to the Bavarian Academy 
of Sciences which displayed a characteristic liberality of spirit 
toward the French, then suffering deeply from the consequences 
of the war. It will be on the neutral ground of science,” he 
said, that the best minds of the two nations must meet in 
endeavouring to reach the high goal common to both,” and since 
the tables have been again turned by the results of the late war, 
it will perhaps be possible in time for the same sentiments to be 
revived on both sides. 

During the winter of 1872 liebig continued to give his lec¬ 
tures, and in January. 1873, he was still busy with experiments; 
but the end was then near at hand, and on April 3rd his last letter 
to Wohler showed that he was suffering from sleeplessness and 
exhaustion. The friends never met again, for Liebig died on 
April 18, 1873, at Munich. Wohler lived till 1882. 




CHAPTER Xvl 


Lisbig's great contemporarj in France was Jean Baptiste Andre 
Dumas, wliose a-scdaticn whi science beimn. as in so manT 
criier cases, in eonnecticn wirli drugs and tne apothecarv's shop. 
Dumas was three pears ‘he senior of Liebig, ha Ting been born at 
the little town e! Aiais, in the Department of the Gard. Jujt 14, 
ISOO- His father came of an ancient familp widen at the re¬ 
vocation of the Edict of Nantes had separated into two branches. 
Of these the Protestant branch had emigrated, while the Catholic, 
to which he belonged, had remained in France. After several 
pears in I^ris he had settled in Ms native place, where he held the 
positicB of clerk to the municipalitp. 

Aiais at that time was but a small place. XeTertheless the 
local college provided all that was necessary for the bop*s earip 
education, including the studp of the Latin language, so con¬ 
genial to the classical traditions of the neighbourhood, filled as it 
is with splendid relics of Roman occupation. These associaticns 
could not but have a lendencvto direct the mind of voung Dumas 
to the studp of the past, hut there were other influences, not less 
potent, eontinuailp recalimg to the present: for the country of 
his birth ancrdei ’Opportunities alike of observing Nature and the 
application cf her products to the service of man. Both in Ms 
speeches and wntings in later life he faeqaentlp refers to these 
varied hnnressic ns derived from Ms earl v vouth at Aiais, Having 
made up Ms mind to enter the 2^vpiie would have presented 
Limself for esnmiuation but for a defidencp in some bmnehes of 
mathematics. In the meantime the pditieal events of 1814-15 
obliged Ms mmilp to renounce this jffoject and select for Mm a 
career wMeh would entail less sacrifice. He was accordingly 
app^sticed to an apothecjaip at Aiais. 
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Iindine. however, little to his taste in this avocation, and few 
opnortimities for progress in scientific studv, he determined to 
abandon the pharm^y, and in 1816 he started on foot for 
Geneva, where he had relatives. Here he found lectures on 
botanv W de Candolle, on physics by Pictet, and on chemistry 
by Gaspard de la Eive. He had, moreover, the privilege of 
usins a laboiatorv belonging to the piiarmacy oi Le Eoyez. 
The pharmaceutical students, who frequently joined in botanical 
excursions during the summer, now united in arranging a series 
of meetings for scientific study in the winter, and, seeing that 
Dumas had access to a laboratory, it was suggested that he 
should give them a course of experimental chemistry. Young 
as he was, he soon attracted the attention of his teachers, and he 
began to think of the possibility of joining an exploring ex¬ 
pedition to some distanf part of the world. With the desire to 
become familiar with the language and ideas of botanical 
science he composed a monograph on the Gentianacea, but 
the study of physics and chemistry, especially the papers 
by Davy^, Berzelius, Gay-Lussac and Thenard in the Annahs 
de Chunk served to provide strong attractions in another 
direction. 

About this time he was fortunately able to render very useful 
service to Dr. Coindet, one of the principal physicians in Geneva, 
and thus found opportunities for making himself better known. 
Dr. Coindet asked him to examine carbonised sponge and to as¬ 
certain particularly whether iodine wem present in this material. 
An answer in the amrmative led to the introduction of a number 
of preparations of iodine and iodides mto medical practice. 
The remedies being mentioned in a German journal pub- 
iisiieci at ^uricii in this connection, the name of Dumas first 
appeared in scientific literature. 

About this time Dr. J. L. Prevost, after an absence of several 
years, returned to Geneva. He had long been absent in 
Edinburgh and Dublin devoting himself to comprehensive studies 
in several departments of medicine. He induced the young 
chemist to join hiin in physiological researches relating especially 
to the composition of blood. Their fimt memoir on the subject 
appeared in the BmHutJiegve Umv^selle de Gmeve, and in the 
title Dumas still figured as EUve en Phamiame. Other physio¬ 
logical problems were also studied, and this fact serves to explain 
the readiness with which Dumas in the later years of his career 
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gentleman in a bzigLt bine eoat witii mttal buttons, a white 
^isteoat, nankeen breeches and top fe:?ot5. This costume, which 
mi^ hsTe been the fashion under the Directory, was then quite 
out of date. The wearer of it, Ms head somewhat bent, Ms ejcs 
deep-set but keen, advanced with a pMasant smile, saying, 
* Monsieur Dumas ?' " The same, sir, but excuse me." 

*Don"t disturb yourself. I am M. de Humboldt, and did not 
wish to pass through Geneva without having had the pleasure of 
seeing you." Throwing on my coat I hastily rdtenited my 
aiKiIogies. I had only one chair. My visitor was pleased to 
accept it, whilst I resumed my elevated perch on the drawing 
stool. Baron Humboldt had read the papds puKished by M. 
Prevost and myself on Blood, which had just applied ia the 
BiblioiMqm UnimrseUe and was anxious to see the preparations 
I had by me. His wish was soon gratified. ‘ I am going to the 
Congress at 'Verona," said he, ‘and I intend to spend some days 
at Geneva, to see old friends and to make new ones, and more 
es|^ciaiiy to become acquainted with young people who are 
beghming their career. TTill you act as my cicerone ? I warn 
you, however, timt my rambles begin earlj and end late. Sow 
could you be at mj disposal from six in the morning till mid¬ 
night ?" This proposal, wMch was, of course, accepted with 
alacrity, proved to me a source of unexpected pleasure. Baron 
Humboldt was fond of talking; he passed from one subject to 
another without stopping. He obviously liked being listened to 
and there was no fear of his being mterrupted by a young man 
who for the first time heam I^piace, &*rthoilet, Gay-Lussac, 
Amgo, Thenard, Cuvier and many others of the Parisian 
celebrities spoken of with temilsarity. I listened with a stmnge 
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deliglit; a new horizon began to dawn upon me. Save the time 
de'^ed to some visits. I was allowed to remain the whole day 
with Humboldt, who darted from point to point over the vast 
range of his recollections whilst I endeavoured to keep pace with 
thelininterrupted flow of his narrative. Sometimes the moun¬ 
tain scenery ^nld leinind him of the Cordilleras, though it must 
be confessed he did not think much even of Mont Blanc. Some¬ 
times he turned to science and then astronomy and physics, 
chemistrv and the natural history branches would in rapid 
succession come in for their share in the dialogue, which, spoken 
hi a low, somewhat monotonous tone, would have scarcely 
appeared impressive had it not been for some waggish pleasantry 
which now and then escaped as it were involuntarily.” 

From this remarkable man Dumas learned the character of 
the scientific world in I^ris, and the opportunities which would 
be open to him there of saining the advice and assistance which 
would enable him to carry out the researches in which he desired 
to en^ge. The consequence was that Dumas soon afterwards 
found his way to Paris. Arrived in the capital, he had the good 
fortune very soon to make the acquaintance of three young men 
of about his own age^ all ardent students of science. These were 
Victor Aiidouin, the zoologist, Adolphe Brongniart, already well 
known as a botanist, and Henri Milne-Edwaids, then working for 
his medical degree. The friendship of these three men was 
always regarded by Dumas as a beneficent influence during the 
earlier years of his career. Moreover, this intimacy led to 
acquaintance with Herminie Brongniart, sister of his friend 
Adolphe, and eldest daughter of the distinguished geologist. 
On February 18, 1826, the marriage proposed was concluded 
and Herminie Brongniart became ^dame Dumas. A devoted 
mother of their son and daughter, a counsellor and helpmate, 
she remained to the end of Ms life a sharer in all its vicissitudes, 

A Mndly feeling of sympathy with young workers in the field 
of science was a notable feature of the society of men of science 
gathered in Paris at that period, and young Dumas found 
himself admitted in a short time to the intellectual life of the 
capital. Laplace and Amgo, the famous astronomers, Ber- 
thcllet, Tauquelin, Gay-Lussac, Thenard, leaders among the 
chemists, Alexandre Brongniart, Cuvier and Geoffroi Saint- 
Hi laire. di't'nguim^d among naturalists. Ampfee and Poisson, 
eminent as physicists, were among tMs company in which Dumas 
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in 1828. 


One of Ms earnest and most important works pnblisted in tie 
Anmdes i& Chirme ei de Phmiq^ for 1626 related to tie Atomic 
TheoiTj in wMcii for the first time tie doctrines cx Avogadro and 
tiek relation to tie Aromic Theorv of Dalton received notice. 

I am engageds'* te savs. "'in a series of espeiiments in¬ 
tended to ns the atomic weights of a considerable number of 
bodies, elementary or compound, by determining their density 
in a state of gas or vapour.'' Dumas, in fact, realised tie dis¬ 
tinction between molecules and atoms, a conception wMeh lies 
at tie base of aii modem ideas of chemical constitution. The 
method of estimating vapour densities associated with the 
name of Dumas has been of great value in a variety of ways, and 
is occasionally pmcrised down to the present day. One result 
of Ms enquiry into the atomic weights of the elements by this 
method was the settlement of the composkion of silica, and 
consequently of the constitution of all the numerous natumi 
sili^tes. This enquiry and the conclusions wMch he was led to 
form brought him into conflict with the great Swedish chemist, 
Ber2'elius, then at the height of Ms &me and position of authority 
in connection with the science of chemistry. Dunms' view, 
however, prevailed, and the idea that the molecule of silica 
consists of an atom of silicon combined with two atoms of oxjgeit 
has never since been questioned. 

At the time refenred to "or^nie'' chemistry was in its 
infancy. A c^nsidemble number of definite chemical com- 
pouncfe, such as sugar, alcohol, ether, a few ve^table acids and 
bases were known, but as aimsdy mentioned the various jffoeesses 
introduced for the purpose of determining their compositioii were 
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far from satisiactorr, and science still waiting for the method 

of combustion perfected by Liebig. Moreoyeij the relation of 
such compounds one to another was generally unknown and the 
existence of homologor^ series, and the phenomena of isomerism 
were not yet recognised. Questions of this kind soon began to 
occupy the attention of Dumas, and after 1830 he produced a 
large number of papers devoted to the composition, nature and 
chemical relations of compounds of carbon. The most momen¬ 
tous of his discoveries in this field was the establishment of the 
theory of substituiiGn, according to which it is possible for 
chlorine, and the other halogens, to take the place of hydrogen 
atom for atom m carbon compounds. This discovery originated 
in a remarkable manner. The story goes that at a soiree in the 
palace of the Tuiieries the guests were much annoyed by irritating 
fumes proceeding frcm the was candles used, which burned with a 
smoky name. Alssandre Brongniart, in his capacity as chemist 
to the King's (Charles X.) household, was consulted about this 
unpleasant incident. He entrusted to his son-in-law the task of 
examining the candles. Dumas was all the more inclined to 
engage in the enquiry, having been already asked by a merchant 
to suggest a method of bleaching certain kinds of wax which, 
resisting the ordinary methods, remained unsaleable. The 
irritating vapours turned out to be hydrochloric acid arising from 
the use of candies of which the wax had been bleached by the 
action of chlorine. The amount of chlorine absorbed was con¬ 
siderable, and experiments proved that this element was capable 
of entering in a similar maimei into the substance of many other 
organic compounds. The idea that an atom of the negative 
element, chlorine, could replace an atom of the positive element, 
hydrogen, was of eouxse repugnant to the ideas of those, and 
they were the great majority, who had accepted Berzelius" 
electro-chemicai tiieory of combination ; and though familiar 
enough to every chemist in later times, this is still a phenomenon 
wrnei deserws to be called remarkable. Dumas" views were 
received with scorn and, on the part of the German chemists, 
witn ndicuie, wiucli was carried in some cases beyond the bounds 
of iair controversy. Wohler, the friend of Liebig, and professor 
at Gottingen, wrote a letter which purported to come from a 
^rtam 8. C. H. Windier in which one passage was as follows; 

“ The last great discovery from I^ris shows that it has been 
found TOssible to replace in acetate of manganese first the atoms 
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commonly cailed. By burning diamond, tie purest known form 
of carbon, in a stream of oxygen gas, it was shown that 12 parts 
of carbon unite very exactly with 32 parts of oxygen, forming 44 
parts of carbonic acid, a result practicaily identical with that 
obtained by the combustion of graphite, and confirmed by the 
numerous later experiments made by other chemists. The 
determination of the exact composition of water was the subject 
of another series of experiments by Dumas, carried out with 
great skill and care. The result was of fundamental importance, 
for although it had been proved by Cavendish forty years earlier 
that water is formed by the combination of two volumes of 
hydrogen with one volume of oxygen, the relative densities of 
the two gases were not known with sufficient accuracy, nor indeed 
were the exaxA proportions by volume in which they unite, to 
provide trustworthy data for calculating the composition of 
water by weight. The work of Dumas was embodied in a paper 
which must always be regarded as classic, and should be read in 
the original by every serious student of chemistry. 

Associated with Boussingault, Dumas also investigated the 
composition of atmospheric air, and discussed in an interesting 
manner the relation of the various agencies which in the opera¬ 
tions of nature affect its composition. 

One consequence of the establishment of the atomic theory 
introduced into chemistry by Dalton was the necessity of at¬ 
tempting the accurate determination of the relative masses of 
the atoms of tie respective elements. We have seen how this 
task was begun by Dalton himself, with, however, imperfect 
success. Wt: have also seen how the major part of the life of 
Berzelius was given to the work and how deeply science is 
indebted to the labours of the great Swede for the degree of 
accumcy he succeeded in introducing into the methods then 
available, in face of immense practical difficulties. A series of 
numbers had thus been accumulated which had been the subject 
of much sj^culation as to their significance. The most notable 
hypothesis was that of Prout, who in 1816 had put forward the 
idea that the weights of the atoms of the elements are integral 
multiples of that of hydrogen, the element which enters into 
combination in the smallest proportion of all and which in the 
pseous state is the lightest substance known. The atomic 
weight of hydrogen was therefore taken as the unit. 

To Dumas we owe not only estimations of the relative atomic 
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radicles among carbon compounds. Since that day, however, 
many new elements have been discovered, the atomic weights 
have in many cases been corrected, and the whole have been 
brought within one comprehensive scheme which will he described 
latex in connection with the name of Mendel&ff. 

Enough has been narrated to show the extraordinary activity 
ci Dumas in the pursuit of new knowledge, the diversity of the 
subjects which successively received attention from him, and it 
is therefore easy to explain the position of authority to which he 
speedily attained. ^ The duties of the two offices to which he was 
appointed at the Ecole Polytechnique and the Athenaeum were 
heavy enough for any ordinary man. But Dumas was endowed 
with more than ordinary capacity and appetite for work, and 
joining in the project for the establishment of the £cole Gentrale 
des Arts et Manufactures, he became lecturer on chemistry 
in the new institution. 

In 1832 Gay-Li^sac retired &om the chair at the Sorbonne, 
and Dumas succeeded to this position, which he retained till 1868. 
From the post of Repetiteur at the £cole Polytechnique to which 
he was originally appointed he was advanced to that of professor 
on the retirement of Thenard in 1835. Finally he became 
professor in 1339 at the ficole de Medecine, so that in turn he took 
part in the work of ail the great teaching establishments in 
Paris, including the College de France, where, however, he was 
engaged only temporarily. 

There appears to be no doubt that owing to the care he 
bestowed in early days at the Polytechnic and elsewhere on the 
prepamticn of his lectures and the experimental illustrations, 
Dumas attained a distinction in style and an impressiveness 
which was recognised by all the diversity of audiences, whether 
stud.ents or members of the Academy, which in the course of his 
long career he was called on to address. Of those, now only a 
few survivors, who had the privilege, in 1869, of listening to his 
delivery of the &st Faraday Lecture, in the Royal Institution in 
London, none would he likely ever to forget the occasion. The 
subject consisted not merely of an eulogium of Famdav; the 
lecturer proceeded to survey the entire field of physical science, 
eoBclnding with a summary of his own views on the nature of 
'‘or^nic^ substances and their relation to living matter. 
Motwitlistanding the assertions which have been made by some 
chemists and physiologists since that day, it is still true that 






(^V0XXp IX 

THEORIES OF CHEMICAL ACTION 
AND CONSTITUTION OF 
MOLECULES 

Frankland ( 1825-1899 ) 
Williamson ( 1824-1904) 

CHAPTER xvn 

As akeady stated, tie establisiinent of tie Atomic Tieory in its 
application to ciemical pienomena resulted less from tie work of 
tie great piilosopier of Manciester, Join Dalton, tian from tie 
exact investigations of atomic ratios or atomic weigits by tie 
Swedisi ciemist Berzeius. It was long, iowever, before it was 
accepted in an unqualified way by ciemists in general, and for 
many decades was only regarded as at best but a graceful, 
ingenious, and in its place useful hypotiesis/’ ^ In tie mean¬ 
time tie employment of ciemical formulae, witi tie symbols 
introduced by Berzelius, was universal, and efforts were con¬ 
stantly made to arrange tiese symbols in some way to recall tie 
chief properties and reactions of compounds. This, iowever, 
could never have become possible but for tie discovery of tie 
principle on wMci tie idea of atomic valency is based. This 
principle witi its remarkable consequences in every department 
of theoretical chemistry was first announced by ikanMand in 
1852, 

Edward Frankland was bom January 18,1825, at Church- 
town, near Garstang, in Lancashire. He has left a volume of 
reminiscences which render it comparatively easy to trace his 
development from childhood and his progress through a long 
career of usefulness and scientific distinction. 

FranHand’s life afforcfe another example of the fact that to a 
man of genius the amount and character of any systematic educa¬ 
tion he may have received has but a comparatively small influence 
on his success in the career he has marked out for himself. His 
experience at the village schools he first frequented was similar 
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alsoznade a Voltaic pile, and invited DTnis ma^t-r. 3Ir. Willa^ev. 
he exhibited Ms appamtus and esperim-nts b-fcre the whole 
school. His friendship with Mr. Wiiksey was kept up to the 
day of WiHasej's death, and after the school had to be given 
up he assisted in providing for the oid man, who had fallen into 
poverty. The las: sch col Frankknd attended was the Lancaster 
Grammar School, a school of the old classical type concerning 
which he makes in his recollections several notable remarks. 
The use of the cane was customary, and with regard to this 
corpoml punishment he expresses the opinion that very few of 
the boys would have learned so much as they did without this 
stimulus. He hated Latin, but aided, apparently, more by the 
fear of the cane than by intelleetual interest, he made in three 
yearn surprising progress, and not only read a good deal cf Ciesar, 
Ovid, Virgil and parts of Horace and the piays of Terence, but 
acMeved distinction in the manufacture of Latin veise. 

I can imagine/'* he says, that intelligent ecir:in^m.tarles 
upKsn what was read might have made the aeeuisiticn of Latin 
interesting to me : but as it was those three years spent upon it 
were the most dreary and tiresome of my life : whilst the know¬ 
ledge acquired has been of extremely little use to me: lor 
although I continued the study of the language for some time 
after leaving school I could never read a Latin author with 
pleasure, or indeed without the painful and laborious use of a 
dictionary.'' 

Of the pmctiees connected with the Lancast^ school in Irank- 
iandk dav \ 1837-40) presumably most have disappeared: the right 
of the sixth form to solicit money fmm the bridegroom at every 
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wedding in tie adjoining parish church, the raffling for prizes in 
the school without examination, and irrespective of merit, and 
the witnessing executions at the Castle. 

In the choice of a culliiig it had been suggested by Mr. 
Willasev that the boy should enter the profession of medicine, 
but although Lis parents were willing, the cost appeared to them 
prohibitive, and it was therefore decided that the only entrance 
available was the back door of a druggist’s shop. This was the 
oniv mistake of any consequence,” he says, that has occurred in 
mv career, but it was for me a very serious one. It condemned 
me to six years’ continuous hard labour, from which I derived no 
advantage whatever, except the facility of tying up parcels 
neatly.” 

The selection of the master to whom he was to be apprenticed 
was determined, according to Frankland, by his reputation for 
” piety.” But this apparently was not inconsistent with neglect 
of Ms apprentices and failure to teach them their business. In 
his recollections IkanMand complains bitterly of this conduct, 
but he found friends in 3Ir. Christopher Johnson and Ms son. Dr. 
James Johnson, who lent him books and apparatus and went so 
far as to provide a small laboratory in wMch he and Ms friends 
among the apprentices in the town gathered on two or three 
evenings in the week for the repetition of practical exercises in 
chemistry and physics. EranMand’s circumstances as an ap¬ 
prentice appear to have been less fortunate than were those of 
other chemists who began life in the same way in the druggist’s 
shop, and of whose career a record has been preserved. The 
business in Lancaster appears to have been of that mixed 
character which is still common in many country places, and the 
supply of paints and groceries formed a large proportion of the 
daily transactions. The duties of the apprentice during the 
first two years were at 5.45 in summer and 6.45 in winter to 
fet ch the key from his master’s house, to open the shop door and 
take down the shutters, sweep out the shop, dust the bottles, and 
in winter light a fixe before the master arrived at 8 o’clock. 
Frankland’s first piece of work was to wheel a cask of treacle 
through the streets to the shop of a customer in the suburbs. The 
day seems to have been spent cMefiy in pounding drugs in the 
cellar. The occupations must be imagined, hub after two years 
there was considerable ameliomtion of the hardsMp, but with no 
more intelleetual advantage. The jnnior apprentice succeeding 
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Franklsnd was George afterwards of ti- finn of S:rr:T}“on. 

Ifauleand Nichcnon. the eel-hra^'-d aahino coknr mar/afactai ^>rs. 
He lived to make a krae forraa- oat cf th- c-!oar=. Th- ^th-r 
cld^r £TtDrer:t:c? was Hobert Ga!;'^^. who ir !at-r v^^ars became 
Proft-sstr cf Prattiaaf Cherai'W;' :a ^1'- G^r^rrjzi-z.z t! 
Science in Babiin. 



^"X“ar^i-jn^ into tit'** d-'^ids. xittis m aad-ti-i-n to tii"~ ^X'D^'^ro-nce 
c?ain^d in exo'-rim^mta: work tinder the ■ttiidanc*'^ cf iJr. ■Jani'-'S 
Johnson, as alreadv mentioned, at the '-nd of the six rears a? 
apprentice he was not entirelr ignorant of the mdiment? of 
several branches of science. 

On the tenmnation of his anprenticeshin. of which three 
months were remitted, rranldand went to Lcndon in October, 
1845, armed with letters from his friends the Johnsons. Bv 
their advice he entered the laboratory of Dr. Lyon Playfair, who 
had jnst been aptHcinted chemist to the Government Department 
of ^^ods and Pbrests. Playfair, being occnpied with official 
dnties elsewhere, was seldom present, but Frankland records his 
indebtedness to Mr. Eansom, the chief assistant, a Tmiticiilarly 
amiable instraetor by whom he was inducted into the mysteries 
of cheimcBl analysis. It was now,” he says, that my chemical 
training really commenced.’^ At this time he lived with an uncle 
ana aunt in I^mbeth, and though not definitely so stated, this 
transference direct from the druggist’s shop to a scientific 
laboratory must have been effected with the consent of Ms 
parents. His -Drogress in analytical work was so rapid that at the 
end of six months Dr. Playfair offered him the post of lecture 
assistant at the Civil Engineering College at Putney, where he 
held the post of lecturer on chemistry. After he had occupied 
tMs position about six months he received a tempting offer of a 
place at the Eoyal A^cultural College at Cirencester. 

Tn the meantime, having made the acquaintance of Hermami 
Kolbe (afterwurds a famous professor in Germany), who had 
come over as assistant in Hayfeirk labc^toiy, Rankknd 
determined, much to the surpri^ of Ms friends, to leave the afeir 
at Cirencester, and wielding to Kolbe's perauasion. he decided to 
go with Hm to Marburg to WA>rk under P^fessor Bimsen, 
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In the long vacation of 1846, on a visit to his parents in Lan¬ 
caster, Franldand made the acquaintance of Mr. George Ed¬ 
mondson, the proprietor of Tulketh Hall School near Preston. A 
verv short negotiation led to his engaging to become, on his 
return from Germany, science master at the new school he was 
about to establish at Queenwood, Hampshire. In May, 1847, 
Erankland and Kolbe set out together for Marburg, crossing horn 
Dover to Ostend and via Cologne up the Rhine, and finally by 
diligence. The morning after arrival they began work in the 
laboratory, where they were received by Professor Bunsen with 
extreme kindness. Here Franldand learned the processes of gas 
analysis from the inventor of them himself, who also taught Iuth 
how to make the graduated glass tubes (eudiometers) and other 
apparatus required. He also joined Kolbe in a continuation of 
the enquiry they had commenced in London, viz., the synthetical 
production of the acids of the acetic series, and the results of 
which they communicated to the Chemical Society of London. 

The three months spent in Marburg were very happy, and 
there within a few days of his arrival young FranHand met the 
lady, Fraulein Fick, who two years later became his wife. The 
time spent at Marburg on this occasion was but short, as he was 
urgently requested to come immediately to Queenwood. On his 
arrival he found the work very hard, as he was required to teach 
not only chemistry, at the same time organising the laboratory, 
but to give lectures on geology and botany. He derived, how¬ 
ever, two great advantages from association with the school: the 
one was practice in lecturing, the other was making acquaintance 
with John Tyndall, who had arrived a few weeks earlier. 

Tyndall, who afterwards became the famous professor of 
physics at the Royal Institution, at that time had little know¬ 
ledge of experimental science, while Franldand required instruc¬ 
tion in mathematics. The- two young men struck up a warm 
friendship and agreed to be mutually helpful. So by risiug at 
four o’clock in the morning they made time for study, and while 
Frankland was at work at algebra and Euclid under Tyndall’s 
direction the latter was occupied with a systematic course of 
qualitative chemical analj^is. During this time the isolation of 
the alcohol mdicals methyl, ethyl, etc., was the subject which 
chiefly occupied Frankland’s mind, and according to an entry in 
his diary the first experiment in this direction was tried on 
April 10, 1848. After a number of fruitless experiments the 



^tration. rbev bcra h-rcaiz.- ae-~:ia:::t?r-d for zh: ;li>r time 

witli the tisc of eieetiic light icr lecture Otmtiaiion. It of 
course, in those dap produced bj the ignition carbcn points 
connected with the terminals of a Bmiitrii primarv batter}*. 

In Ctetober, 1845. Frankiand returned to ikrburgin tcmterp 
with Tp>^IL He records as follows the sum of the advantages 
which he felt he had received from his eonnvction with Queen- 
wood : “ It gave me a greatIv increased knowledgtr o£ mathe¬ 
matics; a fairlv good knowledge of geology and botany (acquired 
by lecturing on these subjects; there is nothing like lect u; :i:g on 
a subject for getting to know it thorGUghly). the power of 
espressing myseii nuently in lectures, shorthand (which was 
afterwards of some service in taking notes of lectures in Germany). 
and lastly practice in research. . . , Had my appointment in 
Queenwood been more congenial, so that I could have continued 
to hold it for a longer period, my research work would, I doubt 
not, have proceeded on the same lines as in Marburg, inasmuch as 
I had already made the fundamental reaction of zinc upon iodide 
of ethyl; but the progress of the work would of course have been 
TCTv much slower." 

The results of ail Ms research work continued and completed 


in the ifcrbuTg laboratory furnished the material for the Dis¬ 
sertation presented in the summer of 1849 to the Philo^plii<ml 
Faculty of Marburg with a view to the HiJD. degree. The 
esamiaation as usual entirely vivd voce and the disputation 
was dispensed with, on the ground that as a foreigner he had 
not sufficient command of the langiage. It had i^eviously 
been in latin. Within a month of taking Ms depee Fmnkland 
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became engaged to Ms first wife, to whom he attributes much of 
his success in the appointments he subsequently held during 
twenty-three years of happy married life. 

Fraiilein SopMe Fick was the second daughter of Ober- 
baurath Doctor Fick. of Cassel. but she was at tMs time visiting 
her brother Ludwig, professor of anatomy in the University of 
Marburg. She was probably the only lady in the place who 
spoke English, and at tMs time Frankland’s knowdedge of 
German was but slight. 

He now decided to proceed to Giessen, and after an interview 
with Liebig he entered the famous laboratory in wMch most of 
his contemporaries among English chemists, Playfair, Gregory, 
Fownes, Williamson and Kane, beside notable Germans, among 
them Hofmann, Will and Strecker, had received the whole or part 
of their chemical instruction. As already explained, this 
was classic ground, being the first laboratory in the world 
opened (1824) for systematic instruction in chemistry and is 
further celebrated on account of the number and importance of 
the researches carried out there. 

Frankland continued Ms work on the action of zinc on the 
alcoholic iodides, tMs time selectiag amylic iodide obtained from 
the fousel oil of fermentation. The results of work at Giessen 
were published in the Journal of the Chemical Society under the 
title The Isolation of Amyl.” It may, in passing, be remarked 
that the substances at tlmt time supposed to be the radicals 
methyl, ethyl, and amyl separated by E^ankland from the iodides 
consisted really of compounds having the composition of these 
radicals but double the molecular weight, expressed by the 
formulae (CHg)^, (CgHg)^, etc. They were in some respects 
therefore, of less theoretical interest than the orga7i€'-metaMic 
compounds(CH 3 ) 2 Zn 3 {G 2 H 5 ) 2 Zki and others obtained in the course 
of the ^me reaction. The remarkable compound called cacodyle 
had been discovered by Bunsen in 1839, and the zinc compounds 
produced by Frankland were manifestly of similar nature, as 
also were the tin compounds studied by Mm after Ms return fcom 
Germany. On (x>imderation of all the facts Frankland was led 
to recognise the principle that the combining capacity of each 
eluent is limited, and that.the combining power in any given case 
is alwap satisfied by the same number of atonm. TMs is the bas^ 
of the law of valency wMch is the mentis! and fundamental idea 
on which all th^iies of chemical constitution are founds. Thk 



Frankland was engaged as tiie Srst proiessoi of chemistry. He 
presented an army of testimoniais such as few young men oi 
eight and twenty then, or in more recent time^, would he in a 
jK)sition to display, but the emoluments ci the po-t were 
modest enough. Th^: salary attached to the chair was £lbO per 
annum, with two-thirds of the fees of the students, apparently 
without any guarantee as to a minimum, but it was sumcient to 
determine the immediate marriage of the two young people. In 
consequence cf legal dimculties Sophie Kck was bicught over 
from Cassel by her brother Heinrich, and the marriage took 
place at St. ilartins-in-the-Fields on February 27,1651. 

The history of the Owens College, long since b^me the 
nucleus of the University of Manchester, is now a familiar story, 
but in so far as it CGiicerned the career of Frankland the early 
<^ys were full of difficulty. By October, 1851, the lecture and 
laboratory coinses were armnged and a little time was found for 
research, but this was frequently inteixuptedbynumercus lecture 
courses oi st^cial character, both in Jianchcster and Lender.. 

But the Manchester people in the early nfties were not ready 
for teaching of uniyerrity type, and in nmny oi the depaitmeiits 
of the (Miege but few students remained. An opportunity of 
rei^ss haj^y occurred in the vacancy at St. Bartholomew^ 
Hospital, to which Frankland was appointed in successmn to Dr. 
John Stenlmuse, in 1857. To this post he also added in 1859 the 
lectureship at Addiscombe Mditary College, and he was apjwaited 
in 1863 successor to iam<my at the Eoyal Institution. The 
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number of lectures to be given in tbe course of a week was, 
therefore, considerable, and as Frankland began at this time to be 
employed by manufacturers and iu the law courts as a scientific 
expert, it is somewhat surprising that under the stress of so many 
duties and engagements lus health did not break down. After a 
time he gave up the lecturing at Bartholomew’s and at Addis- 
combe, and confining himself to work at the Royal Institution, 
he was able to accomplish a good deal of original research, the 
results of which appear in papers communicated to the Royal and 


the Chemical Societies. 

He had always been fond of travel, and Ms excursions to 
Germany in search of instruction, and to Paris, where he found 
adventure enough, in a city where a revolution was in progress, 
have already been mentioned. Immediately after Ms marriage 
he visited Tenby, accompanied by Ms wife, for the purpose of a 
technical investigation of certain anthracite coal. In the 
following summer they went to Cassel, but after the arrival of 
children a cottage at Windermere was secured in wMch during 
the succeeding three or four years accommodation was found 
there not only for the young family but for Ms father and mother. 

Frankland was very fond of yachting and had a small yacht 
on the lake ; and later on, at Cowes, I.W., he kept a cutter just 
big enough for two people to spend the night in. Letters to his 
wife in later years show how much pleasure he derived from this 
sport, in wMch he enjoyed the company of some of Ms scientific 
friends and occasionally of his wife and cMldren. 

In 1859 he undertook, in company with Professor Tyndall, a 
journey with a scientifiic object, and of a more serious character. 
Tyndall had obtained from the Royal Society a grant of money 
for the purpose of establishing on Mont Blanc a series of thermo- 
metric stations and Frankland gladly accepted Ms invitation to 
join in the expedition. They started from Chamounix with the 
intention of spending at least one night on the s umm i t and- 
accordingly were provided with a tent in addition to the posts 
for the thermometers and other apparatus. The whole party 
on starting numbered thirty-one persons. Of these a number of 
the portem were dismissed as soon as the summit was reached, 
but those remaining suffered somewhat severely from moun'te.in 
sickness. Tea was the only form of refreshment desired by any 
member of the party, and for solid food there was no desire. 
The scenes on the way and at the summit have been so often 
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in wHcli they are Giirnirig. This observation led to a long series 
ol leseaiches culminating in a new meoiy of the h:in:::C’::y of 
Sames sn general. 

In IS^ Fxankland for the first time visited Eorway, the 
conntxv he loved so much, and where thiity-six years later he 
died. letters home contain much interesting detail con- 
ceming the scenery and physical phenomena connected with the 
trlacieis and other features of the country, also remarks on the 
peoule and the charm of tmvel in a country then comparstively 
unsoDhistk^ted. Later visitors to Sotw&j have not found t::- 
same comfort, economy and enjoyment as chameteristic of the 
people and country as in 1863. Ihankiand roamed up and down 
the CK^st, visiting the I^foden Islands and the North Cape in the 
of th^ e:KUKbns. He also enjoyed much salmon- and 
trout-fishing. 

In 1865 he succeeded Dr. Hofmann as professor in the Eoyai 
&hool of Wnm at &>uth Sknsington and the Royal College of 
OimistrY. then in Oxford Street. In 1868 he became a memtex 
of the EoWl Commissioii apjxsinted to enquire into the pc^ 
of the rivers and water-supply of Great Britain. The wcrk .n 
which he thus t^c^me iuTOlved occuped much of his time during 
the dx y^iB when the water Istx>mtc^ remained in op^tion. 

jxom the time of his return fmm MamAestex in 1857 till 
18TO F^ihk^id li’ved in Bark Eoad^ Havemtock HiE But in 
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tliat year lie removed to 14, Lancaster Gate, Hyde Park. About 
tbis time Lis wife's LealtL, wLicL Lad been failmg for some years, 
became so mucL worse tLat sLe was advised to go to Switzerland. 
SLe died at Davos on January 7, 1874, leaving two sons and 
two daughters. Her second son became the well-known pro¬ 
fessor in the University College of Dundee, and afterwards for 
twenty-three years in the University of BirmingLam. 

Frankland married again in 1875 Miss Ellen Frances Grenside, 
and m 1880 he bought a small estate. The Yews, at Eeigate, where 
he had a large garden, and where he built him self an observatory. 

That Frankland was a good manipulator and glass-blower may 
be inferred from the character of his early researches, which 
involved the frequent employment of sealed glass tubes holding 
gases under pressure, and much experiment in the analysis of 
gases. The establishment of his observatory on Haverstock Hill 
led to his attempting with ultimate complete success the griuding, 
polishing and silvering of specula for the telescope. At Eeigate 
he set up an electrical instailation for lighting the house, naany of 
the fittings of which he made and fixed with his own hands. He 
was always mterested in gardening, and even at Ha verstock Hill 
he kept a greenhouse well stocked with fl.owers and grew abim- 
dance of fruit. 

A section of Frankiand's autobiography is headed “Ee- 
ligion,'' and he there traces with unusual detail and in an interest¬ 
ing manner the gradual change in his views from those with which 
his youth was associated. He says: I was duly baptised into 
the Church of England and at the age of two years was tak^ 
regularly by my mother every Sunday to Churchtown Church, 
where we sat in the big square pew of my great-imcle, John 
Dunderdale. . . - When my mother married William Hehn we 
went to the Congregational Chapel, in Lancaster, as my ste;^ 
father was a Congregationalist.” His experiences during his 
youth were similar to those of many a thoughtful young man 
who mids the orthodox views intolerable. Even at the age of 
twenty-two, when he went to Marburg, he was distingi^hed 
among the students by going to church. But after retummg to 
England he became gradually convinced of the untenable charac¬ 
ter of so much that he had been taught that he b^jame confirmed 
in his agnostic attitude. 

In 1863, when he was much older, he joined a small immb^ of 
^mest smentific work^ who met once a month and dined 
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WILLIAMSON 


Alexandee Williamson lived till the beginning of the twentieth 
century, but the work which he did in chemistry was limited to a 
period of a few years in the middle of the nineteenth. He retired 
from the chair which he had held for nearly forty years at 
University College, London, in 1888, and no paper, on researches 
conducted by himself, had been published for many years. Hence 
it is not surprising that the name of Williamson is little known to 
students of chemistry at the present day. Nevertheless the 
influence of his ideas in the development of modern theoretical 
chemistry is incontestable. He was also a sturdy and con¬ 
sistent supporter of the Atomic Theory at a time when, in the 
middle of the nineteenth century, there were many indications 
that the idea of atoms as physical entities had not been com¬ 
pletely a^imilated and assented to by chemists generally. 

In what follows advantage has been taken of two biographical 
notices which have been written by two friends, now both 
deceased; the one in the Proceedings of the Royal Society^ by 
Professor Edward Divers, F.R.S., the other in the Transactions 
of the, Chewdcal Sodety^ by George Carey Foster, F.R.S., formerly 
jax>fessoi in and Principal of University College, London: both 
were intimately acquainted with Williamson. 

Alexander William Williamson was bom at Wandsworth on 
Mb.j 1, 1824. His father, Alexander Williamson, came from 
Mgin as a boy, and in 1^0 married the daughter of William 
McAndrew, a &x)tsman settled in London as a merchant. Mr. 
and Mrs. Williamson had three children, Antonia Helen, bom in 
1822, Alexander William, and a second son, James, who died in 
childhood. Antonia married a Mr. Clark and died a widow 
several before her brother. like her eminent brother, 
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whicli were given at seven o'clock in the morning. He seems to 
have been at first disappointed with Liebig’s lectures, which he 
found ""rather tedious from the extremely elementary manner 
in which he treated ” the subject, and he was "" not remarkably 
pleased with his delivery.” However, in later letters he referred 
to Liebig’s captivating manner and the expression of benevolence 
or of aftection which a look of his could convey. And manv 
years afterwards in his presidential address to the British Asso"- 
ciation, soon after the death of Liebig, he spoke with the greatest 
respect of the influence which had been exercised over his students 
by that great master. 

Williamson seems to have been very industrious at Giessen, 
and he allowed himself no distraction from his work beyond such 
exercise, chiefly walkmg, as he found necessary for his health. 
Now and then he took part in a picnic or occasionally a dance. 
He testified to the general earnestness of the chemical students 
and their superiority as a class over the rest of the students at 
Giessen. His work at Giessen resulted in the publication of 
several papers, his first contributions to science. These appeared 
in the ^leynoirs and Proceedings of the (then young) Chemical 
Society of London. 

A subject which seems to have occupied much of Williamson’s 
thought during his first year at Giessen was the theory of gal¬ 
vanism, and in writing to his parents in 1845 he often refers to 
the experiments he is making in electricity. He even ventured 
to attack the theory of Humphry Davy, and though encouraged 
by Liebig, the professor of physics, Bufi, did not attach so much 
importance to his views and the resulting paper was not pub¬ 
lished. In August, 1845, he received the degree of Ph.D. 

From this time forward for three or four years Williamson 
partly suspended his chemical studies in order to devote himself 
to mathematics and physics. In the latter subject Bufi gave 
him special facilities and allowed him access to the physical 
cabinet to which no student had been hitherto admitted, being 
only intended for the use of the lecturers. 

In the summer of 1846 he went to Paris and placed hiir^lf 
under the tuition of Auguste Comte, who had been recommended 
by John Stuart Mill as the best man in Europe for completing a 
scientific education. He received a lesson in advanced mathe¬ 
matics three times a week and often spent his evening at Comte’s 
house with him and his disciples. The iiitimate association. 
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witli them any point on wHcli they sought his help. Now and 
then, when Graham was obliged to be absent, Williamson would 
lecture on general chemistry in his stead, and these occasions 
were always hailed with delight by some of the students, to whom 
he seemed to bring out new points of interest in the most worn 
subjects by the freshness of his treatment and the new light he 
would throw on them. 

In the laboratory he abounded in new devices. If there was a 
traditionally estabhshed way of conducting a given operation 
this was to him rather a reason for trying a new plan, than for 
doing it in the old way. His new methods were perhaps not 
always important improvements, but they at least had the effect 
of preventing his pupils from falling into a stereotyped routine 
and thinking that because a thing had been done in one way 
before it could never be done in any other. He would never 
admit that an experimental difficulty was insurmountable. 
“ Ji you know clearly,’^ he would say, what you want to do, 
there is always a way of doing it.” Kekule, Odling and Brodie, 
each of them among the leaders of chemical thought at that 
time, were constant visitors, and in the talk of these men in 
Williamson’s little room at the end of the laboratory the seed was 
planted of much of the chemical theory of the day. 

Williamson’s great achievement was, of course, the essay on 
etherification. This was first published in a paper read before 
the British Association at Edinburgh on August 3, 1850, and 
afterwards printed in the PMlosophiml Magazine, 1850 (vol. iii.), 
37, pp. 350-356. A further publication with more details was 
made two years later in the Quarterly Journal of the Chemical 
Soci^y, 

It must be remembered that at this time and for some years 
to come the ideas prevalent among chemists on the subject of 
chemical constitution were those which were immediately 
deriv^ed from Berzelius’ electro-chemical system. Salts were 
supposed to be formed by the union of elements in pairs, of which 
one member: when the other was a metal the oxide 
tnus constituted was called a base ; when it was a non-metal the 
oxide was called an adS. Thus chalk was composed of lime or 
oxide of calcium wrfeh carbonic acid an oxide of carbon. The 
enmtitution of “ or^nic ” compounds was unknown and they 
were genemlly cla^ffied as far as possible into acids, bases and 
salts in correspondence with the great majority of mineie*! 
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compoimds. Wliat Williamson did was to snow tnat ether 
not derived from alcoliol by the mere abstmetioii of water. 
that the molecule of each contained the same amount of 
The idea of classifying organic compounds according tc 
which in properties and reactions they were loiind to imitate nad 
already been introduced: thus organic bases were ail suppos^-d t.. 
be derived from ammonia, which was taken as the ^pe. In 
harmony with this idea THliiamson intrcdciced the usVcf the 
water type, and representing this compound as made up of two 
atoms of hydrogen to one atom of oxygen, he was able tc Irini? 
into the same category not only inorganic acids, oases and salts^ 
but alcohol and many organic acids and iheir salts. 

But in Ms Theory of the Formation of £tker Williamscn also 
introduced the idea of intermaolecular exchange and atomic 
motion, wMch lies at the foundation of the modem doctrine of 
chemical exchange and of ionisation. 

In 1855 Graham, on being appointed Master of the Mint, 
resigned the chair of chemistry at University College, and William¬ 
son was appointed to succeed him, retaining the professorship of 
analytical and practical chemistry. He entered on Ms nevr 
duties with enthusiasm, expending much time and money on the 
preparation and illustration of his lectures, in which he was for 
a time assisted by Henry Eoscoe (afterwards Sir Henry), a former 
pupil. Recognition of the importance of Ms work led tMs year 
to Ms election into the Royal Society, and immediately after he 
had obtained Ms new position in the College he married Emma 
Catherine, third daughter of Thomas Hewitt Key, F.R.S., 
formerly professor of comparative grammar in the Univemity of 
London and at this time headmaster of University College School. 

The session ending with Ms appointment to the professorsiiip 
of chemistry was the last in wMch Williamson puhlished papers 
on the results of researches by himself or carried out at his 
instigation. However much regret may be felt on this decline 
of practical activity in the direction of chemistry, it is easy enough 
to find explanations and excuses. Williamson "s own physical 
disabilities already referred to certainly mtexfered with the 
readiness with wMch laboratory operations could be undertaimn 
by Mmself, but probably the chief reason for Ms neglect of 
chemistry was to be found in the attractions of a totally diSerenfc 
fileld of work. From about 1854 and during several following 
years he became interested in the generation of steam tor 
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mechanical purposes, wHch lie thought could be greatly improved, 
and he demised what he called a ‘‘tubulous ” boiler which he 
ultimately patented. This invention, however, brought no 
profit to himself, and it is now uncertain to what extent it may 
have influenced inventors of a later day. A few years afterwards 
he also established at Willesden an experimental works where he 
made endeavours to improve certain manufacturing chemical 
processes. He was also interested in starting the Landore Steel 
Works, where Siemens’ regenerative system of furnaces was put 
into operation. 

Probably other influences were at work in diverting William¬ 
son’s attention from the subjects connected with his professor¬ 
ship. He was a man of restless activity of mind and looked for 
dominance in the various movements with which he became 
associated. His colleagues on the Council of the College learned 
to depend a good deal on his judgment in matters connected with 
administration and in the reconstitution of the College itself. 
Accordingly much of his time came to be absorbed in Committee 
work which would otherwise have been spent in the laboratory. 
He was also led to give much attention to the work of other 
bodies, such as the University of London, in which the institution 
of a Faculty of Science with degrees in the faculty was accom¬ 
plished about this time. The work of the British A^socation and 
of the Eoyal and Chemical Societies also occupied much time. 
He served on the Council of the Eoyal Society in 1859-61 and in 
1869-71 ; he became Foreign Secretary of the Society in 1873 and 
continued in that office for seventeen years. 

Williamson gave several lectures to the Chemical Society in 
which he dealt with such subjects as valency, chemical nomencla¬ 
ture and especially the Atomic Theory of Dalton, of which he 
was a convinced exponent. It is interesting at the present time, 
fifty years later, to read the report of the discussion which 
followed this lecture, in which the leading English chemists of 
tnat. time took part, and to observe the reluctance displayed hy 
nearly all ox them to accept the idea of atoms as physical units. 
It is mstractive to compare the position of the theory at that 
time with its position at the present day, when not only is the 
idea ot the particle accepted and justified by stereochemical facts 
and theones, but chemists and physicists are occupied in examin¬ 
ing and discussingthe constituent parts of the atom and in con- 
-tdering the vanous possible armngements of these parts within. 
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In 1863 and 1864 Williain-on b-am^ . 

Cbemical Society and was elect to the same 
1870. He thus omciated as chairir-an r.” r,r—.t-- -- *" t 

lecture in 1863 by Berthelot on svntheds : earh': -r- - - - - , 
and at the first Faraday Lecture in 1569. which wr^ ^h 
Dumas. The nest year heinaumnat^d th- irr.nowar t *" h. 
of issuing in the journal of the'Sccietn incnthlr 
form of abstracts of all papers dealinu ^dth cl^'-nnr'ri 
which appeared in foreign or British pubhcaticn-. TLi" n; 
has been developed by many societies with meat ad vrnna m to 
spread of knowledge of the various subjects thev repr^-s-iu. 

Toward the end of 1863 Williamson reeeiwd a number of 
young Japanese students, of whom three became boarders in bis 
house. This was at the beginning ct the period cf ehanoe in 
Japan and the movement in favour of intercourse with Western 
forms of government and custom. These youns men left their 
own country at the risk of their lives and some cf them under 
assumed names. They came to England to make a =vst*'matie 
study of European science and civilisation, and no one eouid ha ve 
been better qualified than Williamson to direct their studies and 
guide them in their observations, his own long familiarity with the 
life of France and G-ermany giving a broad outlook and freedom 
from insular prejudice. Most of these young Japanese, as well 
as their numerous successors, sent over by Prince Satsuma, after¬ 
wards attained distinguished positions in the government and 
administration of their own country. One cf them, the Marquis 
Ito, was largely instrumental in framing the revised Japanese 
constitution. 

From this time forward, however, the infiuence of Williamson 
on the progress of the science of chemistry appreciably declined. 
Whatever time he was able to secure from his multitudinous 
engagements outside appears to have been occupied with medita¬ 
tion on the results of the original and fertile viem prcmulpted 
by himself in earlier days. He did not keep abreast of the most 
recent discoveries. The courses of pmctical chemistry at the 
College were left entirely to the care of assistants, with the r^ult 
that the reputation of the place as a school of chemistry steadily 
dwindled. Most English chemical students of this tine resorted 
to the College of Chemistry, where the profe^r (Hofmann) was 
daily in the laboratory and pursumg research. It was dctubtless 
his influence which led so many of the students of that institution 
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to proceed afterwards to Germany, wliere they o Dtained degrees 
by the results of work done in the University laboratories of that 
country. To such an extent was this customary that it began to 
be assumed that chemistry could be only efiectively studied in 
Germany. For many years this idea was practically justified by 
the general inactivity of the British Universities. In spite of the 
gradual diversion of Williamson’s attention from the practical 
work naturally associated with the duties of his chair, his students 
undoubtedly recognised his great originality of mind and his high 
qualities as~a teacher. As a result of the demand for teaching in 
connection with chemical technology, a new professorship was 
established at University College. The old Birkbeck laboratory 
having been found not to provide the accommodation needed for 
the various classes,.some new laboratories were put up under 
Williamson’s direction in 1880. These have long since been 
superseded by the more modern and spacious buildings erected 
thirty years later under his successors. 

In 1888 Williamson resigned his appointments in University 
College and was succeeded by William Eamsay. A good portrait 
of WiUiamson by the Hon. John Collier hangs in the Council 
Eoom at University College, and there is another painted by 
Biscombe Gardner in the Chemical Department of the College. 

There are many of his former students and others surviving 
who remember clearly his tall, slight and upright figure, arrayed 
almost uniformly in grey trousers and frock-coat, hair and beard 
grey, with the peculiar look which distinguishes short-sighted 
people. Like other men of great originality of mind and force of 
character, he was wedded to his own views, even after they had 
long become unacceptable and practically inconvenient. He was 
doubtless right, for example, in introducing the revised nomen¬ 
clature according to which sulphuric acid was called, for system¬ 
atic purposes, hydric sulphate, but the consequence of retaining 
the name acid in accordance with previous custom derived from 
the time of lAvoisier for the oxides SO 3 , COg, NgOg, etc., as he 
desired, would have been merely hopeless confusion, as it would 
have been practically impossible to extend the system to the 
numerous “ organic ” acids of which the anhydrides are un¬ 
known. There is no doubt Williamson w’as fond of power, and 
this perhaps swayed him to some extent in taking part in so 
many scientific and public bodies in which his influence was felt. 
On the other hand, there c^n be also no doubt that he was 
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invariably filled witb a Mgii sense of duty, yldle tie :r 

wMcb his memory is held by those who in the davi r f Irrr f 
were among his pupils is strong testimony to the hei:e%'ol'Lt 
inflnence he exercised over Ms juniors. 

A considerable number of letters have been pii^ertud m 
John Stuart Mill, Auguste Comte and other eminert p*uscm'. ro 
Williamson in his young days and to Ms parents, beside rxny 
from Liebig and other of the most distinguished chem;-:.'- at 
later periods. These present two points of interest. Seme of 
them contain passages relating to current events, as, for enemple, 
a letter addressed by John Stuart Mill to A. W. Yrillianist r: V. 
father on the subject of the French Ret^lLition in 1848. 

An amusing, if sad. comment on the way in wMeh popular 
movements are brought about is afiorded by an anecdote given 
at the end of one of I^urent's letters: 

Chez Madame Vve. Guaragnon : 

Pour quoi votre mari a-t-ii vote c demandai-je a 
notre femme de menage. Je n’en sais rien, me dit elle; il a dir 
ou% c’est tout. Alois il a vote pour Napoleon, iui dis-ie. II ne 
le sait pas, me repondit elle. On Iui a dit, il faut ecrire mi, 
comme tout le monde ; sans cela tu n’auras pas dbuvrage. 11 
a ecrit oui, mais il ne sait pas ce que gela signiSe." 

He adds: 

“ Si le P^e Etemel sbccupe de nous, il faut avouez a 
quelqurfois de singuliers caprices. Nous voila Napoleomstes et 
par consequence nous aliens probablement ledevenii les emieims 
de la perfide Albion,” 

The majority of these letters were written to A. W, Wiiliamson 
ItTTnRfilf from scientific friends in France ana ixermany. There 
is one Lx>m Liebig congratulatmg him on his mtei^mg 
researdbi on ether and ssMng him to ^pply an aa^t of it to 
the Annalen, always referred to as Liebig's, evai down to tne 
pr^nt day; another about the same time from Au^oste 
Siuxent referring to his insej^iable collogue (^hardt, to whom 
a monument in Strasbourg, long after his day, is nowal^utto bt^ 
erected Laurent was in 1852 in a mis^Bble state oi 
and early in 1853 he died. Th^e is also a letter fimn Ms widow 
acknowled^g a gift of money ftom WiUiamBon when sue and 
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lier cMldren were refugees in London after tlie disastrous defeat 
of rrance in 1870. At this time also there are several letters 
from Professor Berthelot showing that in the unhappy times 
when, as he says, la folie sanguinaire de Napoleon III. nous eut 
jete dans Fabime," the family escaped to England and received 
from Hr. and Mrs. Williamson '' genereuse hospitalite.^ Ber¬ 
thelot had returned to France, and in May, 1871, was at Ver¬ 
sailles while Paris was in the hands of the Commune, 

Many letters from Professor Adolf Wurtz have been pre¬ 
served, and among them one affording a kind of apology for the 
proposition at the beginning of his famous History of Chemical 
Theory: Chemistry is a French Science. It was founded by 

Lavoisier, of immortal memory.” Wurtz now writes: “Ne 
vous meprenez pas, cher ami, sur le sens de ma premiere 
phrase qui veut dire simplement que la chimie est nee en France.” 

Another from the same friend in 1873 announces to William¬ 
son his election as ''Correspondant,” that is, corresponding 
member of the French Academy of Sciences. 

In the same year WiUiamson, as Foreign Secretary of the 
Eoyal Society, received from Professor Helmholtz, of Berlin, a 
letter which, in recognition of its great interest, is here transcribed. 
Helmholtz, previously Professor of Physiology at Heidelberg, 
was at this time Professor of Physics at the University of Berlin. 
He had given the fifth Faraday Lecture at the Eoyal Institution 
in 1881. The letter is as follows: 

” Althongh I find myself unable for want of time and of health 
to come over to England, I did not wish to let pass the day when 
I should have received from the hands of your President the 
highly valuable token of benevolent approval which the Eoyal 
Society has deigned to confer on me ^ without repeating the 
expression of my gratitude to the Council and the Fellows of the 
Society. I keep firmly written in my memory the pleasant 
remembrance of former times when I was so happy as to assist 
at your meetings. I have felt deeply both the scientific weight of 
such a union of eminent men and the heartiness of the welcome 
with which the foreign guest was received. On these occasions 
I have learned to admire the organisation of this Society, kept 
together solely by the love of science and the voluntary exertions 
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of its fellows, governed solely by itseli. the 
through a period of two hundred years, from to ih , 

to the present moment, has been an unintviruyim i: 

glorious victories, which human mteliect has won ov^ri th- ehr.u 
forces of Nature. I have seen in your country a gcoi d-u. c: 
strong enthusiasm and strong intellectual energy, devottd tc 
scientific labour arising among men of diriereni clas;ter: of s.,Ci^:y 
and of the most dineient occupations. I peiceivcd tnat 
was the source of the strong individuai originality. wiioL is a 
characteristic of Engiish science, and aiso me source ot 
practical fruitfulness. On the Continent tne conaitioLS oi me 
for scientific men have been dinerent; tne greater part or thcin 


belonged always to a peculiar class, more isolatea trom ctiier 
classes of men, more connected by its interests and its occupa¬ 
tions. These conditions are more favoiirable to develop scientific 
schools, with all the advantages and all the disadvantages whiefi 
tradition and the discipline of such a school tena to preauee. 
Frenchmen turned more to the methodical and reimea ejiDera¬ 
tion of detail. We Germans, partly driven by a native tenaency, 
partly by the social and political consequences oi cut long 
religious struggles, turned more to the first principles of know¬ 
ledge in general, and of scientific theories^ especiaiiy. I caimot 
disown this national tendency for myself; my own ^exertions 
have been devoted partly to the great natural law ot tne cm- 
servation of energy wnich lies at the root of ail quesuOiti d. Mv?ut 
the nature of force, partly to the physiological theory of nervom 
action and sensation which leads to that of perception, the source 
of aU other knowledge. But I owe a great deal to img^d for 
my own intellectual education- Grown up among tne 
of hicdi-fiown metaphysics, I have learned to value tM r^my oi 
facts'in opposition to theoretical probabilities by tne ^eat jx- 
ample of English science. It was, for the greater ^rt, tms 
example which haa sheltered me against i<^g mysen m over¬ 
strained theoretical speculations. , i • 1 . 4 . 

Yon will see from this conf e^on that I nave a personal ngist 
to give testimony to the good which results from intemationai 
intercourse. But to acknowledge and esteem tne supenonty oi 
others,to judge impartially how far it reaches, is not^sy,w^ 
you don’t meet with equal impartiahty m return. Now ib 
another strong side of the Royal So<aety. It is 
of gr^t men and great nature that they are fr^ tu e 
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acknowledgment without a trace of jealousy to whatsoever merits 
other men have attained. I wish that the Eoyal Society may 
continue to enjoy this prerogative, which ensures the highest 
and best fruits of international scientific intercourse.” 

The endeavour to promote and arrange international co¬ 
operation with the German and French chemical societies was an 
object which ^Williamson kept always in view, and testimony as 
to his activity in this direction is provided by letters received 
from Hofmann in Berlin as well as from Wurtz in Paris. 

If any evidence were needed as to Williamson’s position in the 
scientific world it would be found in this interesting collection of 
letters, from which it is clear that he was on terms of friendship 
with all the leading chemists of his time, including Dumas, 
Graham, Kekule, Odling, Debus, Gerhardt and Laurent, 
Cannizzaro, Pasteur and many others, and that they seemed to 
turn to bi-m for guidance on all sorts of occasions. He was also 
in communication with such influential people as George Grote, 
W. Stanley Jevons, James Prescott Joule, Clerk Maxwell and 
others. 

Shortly before his retirement from the professorship William¬ 
son built for himseK a house at Hmdhead, near Haslemere, and 
acq^uired land suflicient to afford scope for his interest in scientific 
farming. As he grew older his sight became more than ever 
imperfect and this apparently led to an accident in consequence 
of which he fell in the street and broke his arm. From this he 
recovered, but he died not long afterwards at his house. High 
Pitfold, Hmdhead, on May 6, 1904, aged just eighty years. 
He was buried in the cemetery at Woking. 



(Bvonp X 

CLASSIFICATION AND NATURE 
OF ELEMENTS 


Mendeleeff {'1834-1907) Crookes (1832-1919) 
Ramsay {1852-1916) 

CHAPTER XIX 

ilESrDELEEIT ’ 


To some few of the older among English chemists, the eom- 
mandinor. patriarchal figure of menbeleeff was quite familiar. 
Though his several visits to London were often connected with 
official business of the Russian Got^mmeni Depanment of 
Weights and Measures, of which he was the chief official during 
the later years of his life, he came several times with more purely 
scientific objects. In 1889 the occasion of Ms presence in Ljndon 
was the Earaday Lecture which he had been invited to give to the 
Chemical Society, but which, owing to a sudden and urgent 
recall to his home, he was unable to deliver m peison. His last 
appearance in- tHs country was in November, 1^5, when the 
Copley Medal was awarded to h im by the Royal Society. 

name, more than any other, will be tor ever associat^ 
with the development of the great generalisation known as tne 
periodic system of the elements. 

Dmitri Ivanovitsch Mendelfett “ was tne lourteentn ^und 
younsest child of his parents, Ivan PavioviLieh aiiu. 
Dmitrievna, Komilefi. His lather, a former staden^ oi 
Chief Pedagogic Institute of St. I^embuig, obtained the 


- The following account is adan^ from the Mendele^ MmumMl 
■j^tare given to the Caiemicai Society, October 2L im Iw to ^ 

2 For of the details of MendeMeTs car^ ^ ^ 

■he writer is indebted to the femily ciuenlele compiled, stod a^er ^ 
foath, bv his niece, N. X Gubkina (nee Eapustma), m 

Petersbiig, ^ to pamphlets by A. Archangel to and R J. Rotoowip^ 
Ee aJso d^r^ to espr^ his thanhs to Mr. D. V. loimeny of 

Petrt^rad, as wdl as to Ru^an fnmds, for a®5aw:« 

in taranslation. 
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appointment of Director of the Gymnasium at Tobolsk, in Siberia, 
wliere be met Maria Dmitrievna, wbo became bis wife. After a 
few years at Tobolsk, be was transferred to school directorships 
in Russia, first at Tambov, and afterwards at Saratov. But in 
order to satisfy the ardent wish of bis wife, be took advantage of 
an opportunity of exchange, by which be became once more 
Director of the College at Tobolsk, and the family returned to 
Siberia. Here on January 27, 1834 (O.S.) was born Dmitri 
Ivanovitscb, the youngest son. Soon after his birth the father 
became gradually blind from cataract in both eyes, and was 
obliged to resign, the whole family, including eight children, 
having to subsist on a small pension of 1,000 roubles (about £100 
per annum). The mother, Maria Dmitrievna, belonged to the 
old Russian family, Komilefi, settled at Tobolsk. They were 
the first to establish in Siberia the manufacture of paper and 
glass. In 1787 the grandfather of Dmitri opened at Tobolsk 
the first printing press, and in 1789 produced the first news¬ 
paper in Siberia, the Irtysch. The glass works were situated in 
the village of Aremziansk, a short distance from Tobo^k. 

According to the family tradition, one of the Komileffs in a 
previous generation had married a Khirgis Tartar beauty, whom 
he loved so passionately that when she died he also died of grief. 

The pure Russian blood thus received a strain of the Mongolian "" 
race, and some of their descendants preserved traces of the 
Oriental type. This, however, was not very noticeable in the 
features of the chemist. 

From her childhood, Maria Dmitrievna was distinguished by 
her intelligent wish for instruction, and having no other resource 
when her brother Basile went to school she repeated by herself 
all his lessons, and thus, unaided, obtained some part of the 
knowledge so eagerly desired. There can be no doubt she was a 
woman possessed of remarkable vigour of mind, who exercised 
great influence over her children. Her activity and capacity are 
farther illustrated by the fact that when her husband became 
blind she revived the business of the glass works, and carried it 
on till after his death from consumption in 1847. 

Tobokk was at that time a place of banishment for many 
political exiles, the so-called Decembrists, one of whom, Bas- 
sargin, married Olga, an elder sister of Dmitri. To these De¬ 
cembrists the boy owed his first interest in natural science. His 
moth^ had always cherished the hope that at least one of her 
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cLildren would devote liimself to science, and acc:-rd!:: rl”. r r * r 
ter liusbaiid’s death and the destruction oi the ^ ri-ri:.' ot 
fire, and spite of failing health and seantr m-ans, she nrrl^r* _: k 
the long and tedious iGunieT from Tobolsk to JIcscow. c ve m- 
panied by her remaining children, Elizabeth and Dmitri Ivorx- 
vitsch, with the object of entering the latter, then nearly £r:--n 
years of age, at the Uniyemity. Disappointed in this objem, 
owing to official difficulties, she remoyed in the spring cf irdO tu 
St. I^ei^burg, where ultimately, with the assistanc?:- of the 
Director, Pletnoff, of the Central Pedagogic Institute, a fr:*-r:d l: 
her late husband, she succeeded in securing for her son ndmis.’^ion 
to the Physico-lVMhematical Paculty of the Institute, together 
with much-needed pecuniary assistance from the Goyemment. - 
The debt which Dmitri lysnoyitsch owed Ms mother he 
acknowledged later in the introduction to his work on Sdutions^ 
wHch he dedicated to her memory in the following interesting 
lines: 

This investigation is dedicated to the memory of a mother 
by her youngest ofispring. Conducting a factory, she couid 
educate hirn only by her own work. She instructed bv example, 
corrected with love, and in order to devote him to science sue left 
Siberia with him, spending thus her last resources and strength. 
When dying, she said, ^Eefiain from illusions, insist on work, 
and not on words. Patiently search divine and scientmc tmtji.’ 
She understood how often dialectical methods deceive, how mncn 
there is still to be learned, and how, with the Md of sciency, 
without violence, with love but firmness, ail supemtition, untratii, 
and error are removed, bringing m their stead the saiety oi 
discovered truth, freedom for fuitber development, g^rCeml 
welfare, and inward happiness. Dmitri regards as 

sacred a mother’s dying words. October, 1887." 

In the Pedagogic Institute Dmitri Ivanovitsch ^s thus able 
to devote him^lf to the mathematic^i and physical scieips 
under the guidance of Professors Leng and Kupier m phvri*^, 
Woskresensky in chemistry, and (fetiagradsky in matheimte. 
TMortunateiv, at the end of his coarse, Ms h^lth 
about this time his mother died. Having been ordered to ti^e 
South, he fortunately obteined an appointment as cMef ^rence 
master at Simferopol, in the Crimea. The southern chimte Bmn 
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alleviated the serious symptoms of lung disorder, and removal 
being necessary in consequence of the Crimean War, lie was able 
soon afterward to undertake a post as teacher of mathematics 
and physics at the Gymnasium at Odessa. In 1856 he returned 
to St. Petersburg, and at the early age of twenty-two he was 
appointed frimt docent in the University, having secured his 
cert-ificate as master in chemistry. 

At this time he appears to have passed rapidly from one 
subject to another, but he soon found matter for serious and 
protracted study in the physical properties of liquids, especially 
in their expansion by heat. And when, in 1859, by permission of 
the Minister of Public Instruction, Mendeleeff proceeded tostudy 
imder Eegnault in Paris and afterwards in Heidelberg, he devoted 
himself to this work, communicating his results to Liebig’s 
Anndlen and the French Academy of Sciences. Returning two 
years later to St. Petersburg, he secured his Doctorate, and was 
soon afterwards appointed Professor of Chemistry in the Tech¬ 
nological Institute. In 1866 he became Professor of General 
Chemistry in the University, Butlerow at the same time occupying 
the Chair of Organic Chemistry. 

As a teacher, Mendel&ff seems to have possessed a special 
talent for rousing a desire for knowledge, and his lecture room was 
often filled with students from all faculties of the University. 
Many of his former students remember gratefully the influence he 
exercised over them. ^ One of these writes : I was a student in 
the Technological Institute from 1867 to 1869. Mendeleeff was 
our professor, and in 1868 taught organic chemistry. The 
previous course by the professor of inorganic chemistry consisted 
of a collection of recipes, very hard to remember, but, thanks to 
Mendeleeff, I began to perceive that chemistry was really a 
science. The most remarkable thing at his lectures was that the 
mind of his audience worked with his, foreseeing the conclusions 
He might arrive at, and feeling happy when he did reach these 
conclusions. More than once he said, ‘ I do not wish to cram 
you with facts, but I want you to be able to read chemical 
treatises and other literature, to be able to analyse them, and, 
m tact, to understand chemistry. And you should remember 


^ i5or tile following remimsceiices, the writer is indebted to Mr. 
Gold^berg and Prince P. Kropotkin respectively. 
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that h 3 rpotjieses are not theories. Bv a th^nrv I nnr.n ; i ' : - 
elusion dmwn from the accumukted facts no^ r.' - - n ;.;^ 
enables us to foresee n^w facts vrlich do nor y t h:: -ovd k- 
was considered among the students a nU't hcer- : main n: d k y 
thought of him as a comrade, hlcre than cnee during ^ dn- 
tuibance between the students and th- admir.istmtic i: Vernh i-d n 
supported the students, and under his innuence mat y n:a** :n 
were put right.'" (L. G.) Another former >^udeLt :n :h- T : i- 
versity writes as follows: I am sorry to say I did rn : k: i n 
Mendeleefi pemonally. I only had the good fortune to ftii'u, 
in the years 1867-69, Ms lectures on both Organic and Incrgtnic 
Chemistry. The former was an abridged course. wHvh he had 
the admirable idea to deliver for us students of the mathematicui 
branch of the physico-mathematical faculty. He reduc-k tl-is 
course of one lecture a week during one year to a geni-ml levi- w 
of organic compounds and the general laws cf their structure . 
You can imagine what it must have been in the hands of iden” 
deleeff, thirty-three or thirty-four years old at that timv. 
full enjoyment of his mental powers, and ]ust then rlur g u :nt^' 
the study of Ms great generalisations. For me it was a levc .a* icn. 
being occupied with the great questions connected wul jne 
development of the new system of atomic weights, the meckar ical 
theory of heat, etc. Grove's, Thomsonk, Joulek, Seguink works 


solution of the great problems of the nature of matter and ei 
gravitation. Then I folbwed Mendeleefi’s lectures on Inorgarie 
Chemistry. The Principles of CMinisiry was not yet out, out 
he was evidently writing it at that time. You Imow now - 
is said in the footnotes to his Principles: weli. imagn 
these notes developed into a beautiful improvisatior 
the freshness of thought of a man who, while lu* sp-.-id'>.^c^ covtg 
all the arguments for and a^inst, there on tne 
was always crowded with something UKe two^hiiiiuiyG 


?ci: 
with 



lesson in scientific tMnking wMch must have lert deep Tracer m 
their development, as it did m mine." (P. K.) 

One of Mendeleeffs nmst remarkable pemonalf enures 
flowing abundance of hair. The story goes tlmt, ceiorr n- * i..- 
presented to the Emperor, Aiesandex III., Ms Aai-^ty vus 
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curious to know wlietlier the professor would have his hair cut. 
This, however, was not done, and he appeared at Court without 
passing under the hands of the barber. His habit was to cut 
his hair once a year in spring, before the warm weather set in. 
His eyes, though rather deep set, were bright blue, and to the 
end of Ms life retaiaed their penetrating glance. Tall in stature, 
though with slightly stooping shoulders, Ms hands noticeable for 
their fine form and expressive gestures, the whole figure pro¬ 
claimed the grand Eussian of the province of Tver. 

At home, Mendeleeff always wore an easy garment of his own 
design, sometMng like a Norfolk jacket without a belt, of dark 
grey cloth. He rarely wore uniform or evening coat, and attached 
no importance to ribbons and decorations, of wMch he had many. 

As to his views on social and political questions, many people 
thought him a rigid monarchist, but he said of Mmself that he 
was an evolutionist of peaceable type, desiring a new- religion, of 
wMch the characteristic should be subordination of the individual 
to the general good. He always viewed with much sympathy 
what is called the feminine question. At the Office of Weights 
and Measures he employed several ladies, and about 1870 he gave 
lectures on chemistry to classes of ladies. Nevertheless he con¬ 
sidered women inferior to men both in business and in intellectual 
pursuits, and he thought the cMef promoters of the fenoinine 
movement aimed, not so much at equality of political position, as 
at opportxmities for work and to escape inactivity. But he 
thought the feminine temperament specially suited to all branches 
of art in the broadest sense of the word, including education. 

Mendeleeff held decided views on the subject of education, 
wMch he set forth in several publications, especially Remarks 
on Public Instruction in Russia (1901). Here he says: The 

fundamental direction of Eussian education should be living and 
x^l, not based on dead languages, grainmatical rules, and 
dialectical discussions, wMch, without experimental control, 
bring self-deceit, illusion, presumption and selfishness.” Be¬ 
lieving in the soothing effect of a vital realism in schools, he 
considered that universal peace and the brotherhood of nations 
could only be brought about by the operation of tMs principle, 
bpeaidng or the reforms desirable, he says that for such reforms 
are required many strong realists; classicists are only fit to be 
landowners, (mpitalists, civil servants, men of letters, critics, 
d^aibing and discussing, but helping only indirectly the cause 


of populai needs. We could live at the preSvLt day v::L< ut a 
Plato, but a double number of Sewtons i:; required to cifCt Vr r 
the secrets of nature, and to bring life into hanneny 
laws of nature/’ Mendeleeff was evidently a philcscpLer c: * 1- 
same type as our own Francis Bacon. 

I am not afraid,” he says later. “ of the admisskn c f f' r? :r:, 
even of socialistic, ideas into Eussia, because I have faith :r. 
Eussian people, who have already got rid of the Tanar or mina- 
tion and the feudal system.” 

Mendeleefi always dined at six oklock, and hkvd to eiuertam 
his friends and relations, but in his own diet he was extremely 
moderate. After dinner he enjoyed reading light literature, 
especially books of adventure, such as those of Fenimoie Cooper 
or Jules Verne. But his literary tastes were peculiar. Though 
interested in serious literature and appreciating Shakespeare, 
Schiller, Groethe, Victor Hugo, and Byron as well as the Eussian 
classics, beginning with Zhoucovsky and Pouschkin, his m vouiitc s 
among Eussian poets were Malcoff and Tuttcner, and £rr.cr.g the 
rest Byron. Of the last-named he preferred to a:i his c : ,Lr:r v- c: us 
the gloomy poem called Darkness,” and among the rest the 
Silentium ” of Tuttchefi. 

He rarely went to the theatre, and did not approve o: rr-: que ::: 
visits to the theatre by his children, as he considered such disy 
tractions tend to destroy concentration ^and fill the mind witn 
“ trifles and foolishness.” On the other hand, he was ve^ lona 
of pictures, and he visited all the exhibitions. TMt he wm 

. . T T / _4.:__ Q-rt- OTi/i miiCli 



addressed in ISroveinber, 1880 , to the weil-knoYn r.uspn 
paper at that time, G&loss (The Faice), on tne suDjeet m a 
by Kotdndji, “ Kight in the Ukraine.” Writing of tne innuence 
of landscape on difierent minds, he says: '• At first it pemea to 
me a matter of personal taste, ot indivianai sensitiVcntify-i 
difierent persons to the beauty of nature.” _ But, rejectmg tn:= 
simple viett. he was led to a conception wfiicfi ne reprat* 
really satisfactory, and which he wished to_ stare witn cners. 
He says: “ Landscape was depicted m antiquity, out 
in favour in those times. Even the great master ot tie Six¬ 
teenth century made use of it merely as a frame to theupu^j^. 


1 Considerably condensed in the following abstract. 




248 


FAMOUS CHEMISTS 


It was tlie liuman form mnch principally inspired artists of that 
epoch.; even the gods and the Abmghty Himself appeared to 
their minds in human shape. In this alone they found the in¬ 
finite, the inspiring, the divine. And this was because they 
worshipped human mind and human spirit. This found ex¬ 
pression in science in an exceptional development of mathe¬ 
matics, logic, metaphysics and politics. Later, however, men 
lost faith in the absolute and original power of human reason, 
and they discovered that the study of external nature assists even 
in the correct appreciation of the nature of the human inner self. 

Thus nature became an object of study; a natural science arose 
unknown either to antiquity or to the period of the Eenaissance. 
Observation and experience, inductive reasoning, submission to 
the inevitable, soon gave rise to a new and more powerful, more 
productive method of seeking truth. It thus became evident 
that human nature, including its consciousness and reason, is 
merely a part of the whole, which is easier to comprehend as 
such from the study of external nature than of the inner man. 
External nature thus ceased to be merely subservient to man, and 
became his equal, his friend. Dead and senseless as it had been, 
it now became alive. Everywhere it presented motion, stores 
of energy, natural reason, simplicity and plan. Inductive and 
experimental science became a crown of knowledge, royal meta- * 
physics and mathematics had now to be content with modest 
questioniag of nature. Landscape painting was born simul¬ 
taneously with this change, or perhaps a little earlier. Thus it 
will probably come to pass that our age will hereafter be known 
as the epoch of natural science in philosophy, and of landscape 
in art. Both derive their materials from sources external to 
man. ... Man has, however, not been lost sight of as an object 
of study and of artistic creation, but he now appears, not as a 
potentate or as a microcosm, but merely as part of a complex 
whole.” 

In 1863, when twenty-nine years of age, Mendeleeff married 
his wife, nee Lestshoff, by whom he had one son, Vladimir,^ 
and a ^ughter, Olga; but the marriage proved unhappy, and 
after living apart for some time there was a divorce. In 1877 he 
fell in love with a young lady artist, Anna Ivanovna Popova, of 
Cossack origin, and in 1881 they were married. This lady 


^IMed in 1899, aged 34. 



exercised consideiabk oV'*r li' vi- v ^ ^ , ■ ; ■; 

walls oi liis study were iuridsLed witi: !ui!:y ' r 

pencil, notaoiy portraits of Lavoisi-r. D f" ' : 

Galileo^ Copernicus, Granam, dlitsenerueh. 11 

Faraday, Beiriielor, and Duma:r. and otners ^ f r-ladv A:: : 
ids second marriage llendvleed Iivi;d urst at tne U:lv,y,: r.y 


afterwards in the apartments built for tie LlvCti. r t,: tl- 1 .. r 

of Weights and Measures, and nere lis young.tlildr-n: v.::- 
bom, lioubov (Aimee), Ivan (Jean), and tie twins, Maria and 
Yassiii (Easile). 

In 1890, in consequence of a dineitucc with tie adimnltia- 
tion, diendeleenretirediiomtiieProi-ss:r-nipii: tur Luive ^ity. 
During the disturbances among tie Audent^ in ilat year, le 
succeeded in pacifying them by promising to pit nt tloir 
petition to the Minister of Education. Instead oi itanks for 
this service, nowever, tie Professor received a sharp repiiixiand 
from the aufcborities for net minding Ms own busin-ss, 
consequence was that Mendeieefi re^ed^ Independently cf 
tie petition, bowever, there were probably deeper 
being out of favour with the Ministry, eomiected witl n*- 
reconcilable e nmit y to the classical sysztiD. oi eaucaticn aiii aay 
referred to. Of tMs he had made no secret, and it had already 
brought him into conffict with the authoiitk-s. In ItSll L. wvvt r, 
he was appointed by M. Witte to the office ci Director ot lUo 
Bureau of MTeights and Measures, whicn He letuii-td tili Ms oeatl. 

In the earSer part of his life, Mendel^fi was iMeiested in 
carrying on a series of agricuiturai expenmenp^ on ins i ver cstate. 
Boblovo. The peasants, much struck by Ik success anu tne 
abundance of his crops, inquired of him whether tnis was uuv-y 
his luck or to his '' talent.’^ With a smile and tie patois^ wnu n 
he always affected in speakmg to the country pecrie, he a 

them that he certainly had “talent," ancL. as In..- sa;u 

at home, there is no merit in having lucM _ ^ 

Cfeice during the solar eclipse in 185 * ne £ 2 .::cc-.uca y 

balloon with the object of making scientific observaTions. his 
assistant, Kovanko, who sat with him in tiie rasuct, miguitiu at 
the last moment, probably ordepd to do so by ins cu:a 
the balloon would not rise. Viihm tne baiicoi: snot up 
and disappeared in the clouds, his family was L atuiaiiy very mu.n 
alarmed. Fortunately the hero of the adventme 
descend safely, and a few houm latex retumed to ms mmiiy trom 
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Moscow. TLe peasant women thereaftei used to tell that Dmitri 
Ivanovitsch flew on a bubble and pierced the sky, and for this 
the authorities made him a chemist! 

Mendeleefi was very democratic in his habits, and when 
travelling from the Capital to his estate, six or seven hours by 
rail, he always made use of the third class, and on the way 
talked freely to his fellow-passengers on a variety of subjects, so 
that at the end of the journey he was surrounded by all sorts of 
people. At the railway station, about twelve miles from Boblovo, 
he was always met by the same driver, Zassorin, who with his 
troika of greys transported the whole family at full gallop, 
according to Russian custom. 

Such, then, are the chief features of a great personality. If it 
be admitted that stories are told of his occasional irritability of 
temper, we can well place on the other side of the account the 
cordial relations always subsisting between the Professor and his 
assistants, the confidence and respect between the Master and his 
servants, the deep affection between the Father and his children, 
which are known to have persisted throughout his life, and which 
could be illustrated by many anecdotes. These stories merely 
serve "‘to give the world assurance of a man.’^ 

For us who live on the other side of Europe, separated as we 
are by race, by language, by national and social customs, and by 
form of government, it is not easy to understand completely the 
texture of such a mind, the quality of such genius, and the 
conditions, social or political, which may have served to encourage 
or to repress its activity. The Russian language may be eloquent, 
expressive, versatile and harmonious, or it may possess any other 
good quality that may be claimed for it by those to whom it is 
a mother tongue, but the fact remains that it is a barrier to free 
intercourse between the Russian people and the world outside 
their country. This alone creates a condition which must 
influence the development of thought, and must give to Russian 
science and philosophy a colour of its own. Mendeleefi was, like 
many educated Russians, a man of very liberal views on such 
subjects as education, the position of women, on art and science, 
and probably on national government. We can hardly guess 
what would be the influence on such a nature of a rigid adminis¬ 
trative regvm whichf orbade even the discussion of such questions. 
We in England are almost unable to imagine such a state of 
things as would be represented by the closing of, say, University 
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College for a rear or more, because the r: vl -I.: f. 

House of Lords ought to be abclirhed had licn d-.l:.: u h, *h 
Students' Union. Imagine the Erofesser c: Ci-cin:s::v. rh r 
with his collogues, for such a reason c-CpiiW g c* tn^ le**'* er re* 
laboratory by the police, and only ahcT al :c Li' s' ig:- 

when someone down at Scotland Yard ihounh: ticn -r. ^uch 
being the experience of most of the Rnsskn Univcrdd or and 
Technical High Schools, it is not surprising that rhv ^ ntnn* t: 
Russian science, notwithstanding the acknowkdg-.d n^n:ns*cf ih- 
Russian people, appears scmetimes ccmnarutiTny^mah. The 
amount of work done by ilendeleen. hcth expeiimvntal and 
theoretical, was prodigious, and all the mere rlmnrknlk ctr> 
sideling the cloudy atmosphere under which so much c: 1: wa,-; 
accomplished. Unfavourable as were the cenditien? uider 
which he did his work, they did at any rate not altogothci pr-v*. nt 
his accomplishing much that was tuluable,^ and it may be 
regarded as fortunate that it was completed before the mk n 
which has swept out of his unhappy country mc^t c: the accu¬ 
mulated treasures of civilisation and for the present has de rticyed 
science, letters and arts, as well as all who made the cu-tivaticn 
of intellectual pursuits the business of their lives, tic far as is 
knawn the Academy of Sciences has gone down in the generalruin. 

In 1882 the Royal Society cenferred on Yendsieef, fkntly 
with Lothar Meyer, the Davy Medal. In 1883 the Chtrmic^ai 
Society elected him an Honorary Member, and in 1SS9 it con¬ 
ferred upon him the highest distinction in its power to award, 
namely, the Faraday Lectureship, with which is associated tte 
Faraday Medal. In 1890 he was elected a Foreign -.Lemler r : 
the Royal Society, and in 1905 he received the Cc-p.ey iicci:-. 
So far as England is concerned, Ms services to science ivcc :vvc lu i 
acknowrledgment. It is all the more remarkabie, tno: 

he never became a member of the Lnperiai Academy cf 
of St. Petersburg. 

Towards the end of 1906 Mendeleeffs health began to laii. 
Nevertheless he was able to attend the Minister on me c-Cia-.cL 


^ Professor Walden, at ihe end of a biograpnical notice :a 

tbe d. Deui, Chem. Ges., April, 19C^, gives a list of -O- rw' - 

publications by Mendei^ff- Th^ include, not only memoirs cn 
and chemical subj^ls, but books, jampnlets, reports, ana cc-yp^per 
articles rdating to exhibitions, to the industries of Rusaa, to Mm. 

me^ur^ to education, to art, and eTtn to ^iritaaisn. 
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of an official \dsit in January to the office of Weights and 
Measures, but he caught cold and, enfeebled as he had been by 
influenza in the preceding autumn, inflammation of the lungs set 
in. Eetaining consciousness almost to the last, he requested 
even on the day of his death to be read to from the Journey to tJie 
North Pole, by his favourite author, Jules Verne- He died in the 
early morning of January 20 (O.S.), 1907, within a few days of 
his seventy-third birthday. He was buried in the Wolkowo 
Cemetery beside the graves of his mother and son. 

Turning now to a survey of Mendeleeff’s work as a man of 
science, it will be sufficient if we pass lightly over his first essays. 
Like so many other chemists, he began by handling simple 
questions of fact, his first paper, dated 1854, when he wns twenty 
years of age, being on the composition of certain specimens of 
orthite. It was not till 1859 that he settled down to serious 
examination of the physical properties of liquids, which led him 
to a long series of experiments on the thermal dilatation of 
liquids, of which the chief ultimate outcome was the establishment 
of a simple expression for the expansion of liquids between 0° 
and the boiling point. (Chem. Soc. Trans., 1883,45, p. 126). This 
formula is liable to the same kind of modification which has been 
found necessary in the case of gases. It is, of course, applicable 
only to an ideal liquid from which all known liquids difier by 
reason of differences of chemical constitution and consequent 
differences of density, viscosity, and other properties. Thorpe 
and Riieker, by applying van der Waals’ theory of the 
general relation between the pressure, volume, and temperature 
of bodies to Mendeleeff’s expression for the thermal expansion, 
developed a simple method of calculating the critical temperature 
of liquids from observations of their expansion (Chem. Soc. 
Trans., 1884, 45 p. 135). 

Mendeleeff devoted a large amount of time and of experi¬ 
mental skill to the estimation of the densities of various solution^, 
especially mixtures of alcohol and water and of sulphuric acid and 
water, and of aqueous solutions of a large number of salts. In 
1889 he embodied the whole in the monograph already referred to. 
In a paper communicated to the* Transactions in 1887 (51, p. 779), 
he stated his views in the following words ; ‘‘ Solutions may be 
r^^ded as strictly definite atomic chemical combinations at 
t empemtuies higher than their dissociation temperatures. Definite 
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chemical substances ciav be either formed or d-eoroo'^-d ct 
temperatures which are higher than those or which chsh /ii'icn 
commences; the same phenomenon occurs in 'oiutions: at 
ordinary tempemtures they can be either form- d cr rh-ocn:- 

posed.” 

In conjunction with some of his students, Mendel^fi also 
studied minutely the question of the elasticity of gases, and 
published several papers on the subject, extending over a period 
of some ten years from 1872. 

Another subject to which Mendel^fi gave a sood deai of 
attention was the nature and origin of petroieum. Ifcving al¬ 
ready reported in 1866 on the naphtha springs in the CauGisus, 
in the summer of 1876 he crossed the Atlantic and surveyed the 
oil fields of Pennsylvania. In the course of these inv-sTigations, 
he was led to form a new theory of the mode of prcducticn of these 
natural deposits. The assumption that the oil is a product of the 
decomposition of organic remains he rejects on a variety of 
grounds, which are set forth in a coimnunication to the Russian 
Chemical Society. (Abstract, see Ber., 1877, 10, p. 229.) 
Mendeleefi assumes, as others have done, that the interior 
of the earth consists largely of carbides of ametals, especially 
iron, and that hydrocarbons r^ult from the penetmtion 
of water into contact with these compounds, ametailic 
oxide being formed simultaneously. The hydrocarbons are 
supposed to be driven in vapour from the lower stmta, where 
temperature is high, to more superficial strata, where they 
condense and are retained under pressure. In 1886, in cx>nse- 
quence of rumours as to the possible exhaustion of the Russian 
oil fields, he was sent by the Government to Baku to collet 
mformation, and in 18^ he made a oomirnmxmkm on this 
subject to Dr. Ludwig Mond, which is printed in the Joumed of 
the Society of Chemical Industry (1889, 8, p. 753). 

The great generalisation known as the Periodic law was not 
arrived by one step, nor by the id^s of any one nmn. Ko general 
scheme of atomic weights Imd been pcssiUe, partid and impest 
efcrts in this direction being reprinted by Dmbereiner's tri^ 
and the application of the principle of homology made use of 
by Dumas. The first step was taken by J. A. E. Newlands, who, 
after some preliminary attempts in 18^5, disa>v®^ that when 
the elements are placed in the order of the mimencml value oBhem 
atomic weights, (xirrected as advisM bv Cannisraro, the 
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element staTting from any point on the list exhibits a revival of 
the characteristics of the first. This tmdoubtedly represents the 
first recognition of the principle of periodicity in the series of 
atomic weights, but whether discouraged by the cool reception 
of his law of octaves ” by the chemical world or from imperfect 
apprehension of the importance of this discovery, Newlands failed 
to follow up the inquiry. It was not long, however, before the 
matter was taken up by others. Odling especially seems to have 
given much thought to the subject, and, ignoring Newlands’ 
previous attempts, he drew up towards the end of 1864 a table 
containing a list of all the then well-known elements, arranged 
horizontally in the order of their generally accepted groups, and 
perpendicularly in the order of their several atomic weights. He 
concluded an article in Watts’s Dictionary a few months later 
with these words : “ Doubtless some of the arithmetical relations 
exemplified in the foregoing table are merely accidental, but, 
taken altogether, they are too numerous and decided not to 
depend on some hitherto unrecognised law.” 

Such, then, was the state of knowledge about this time. 

In March, 1869, Mendeleeff communicated to the Eussian 
Chemical Society an enunciation of the principle of periodicity 
and a statement of some of the consequences of this recognition 
of the relation of properties to atomic weight throughout the 
whole range of the known elements, and this statement was 
accompanied by a table which, while it bears a close resemblance 
to Odling’s table of 1864, was apparently connected in his mind 
with an idea which became clearer and more decisive in the 
modifications which he immediately afterwards introduced into 
the arrangement. 

Mendeleeff’s table of 1869 was in 1871 modified so as to 
assume the form with which we have all been so long familiar, and 
which is to be found in every modern text-book. Thus it may be 
claimed for Mendeleeff that he was actually the first, not only to 
formulate a general law connecting atomic weights with pro¬ 
perties, but was the first to indicate its character, and, as himself 
{Prinm^^£Sy 1^5, 11, p. 28) has pointed out, he was the first “ to 
foretell the properties of undiscovered elements, or to alter the 
accepted atomic weights ” in confidence of its validity. The time 
was, in fact, ripe for the enunciation of this general principle, 
and, the suggestion once given, the relations embodied in the 
law could not fail to attract other chemists. Accordingly, 
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in December, 1869, Lothar MeTer, sucb cf 

Mendeleefi^s scheme as could be derived from the irn:-n-et 
German version of his paper of the previous Zuareh, nr : v**!' im- 
self a convinced exponent of the idea by contributinr * v L: 
Annalen a paper containing a table, substantia!!v id- ntiea! vith 
that of Mendeleefi, and diagram of atcmic vohim-s. 'vhieh, 
more clearly even than the tabular scheme, ilhstratvd the 
principle of periodicity. 

The history of science shows many instances of tli-'- same kind. 
Great generalisations have often resulted from the nraduil 
accumrdation of facts which, after remaining for a tim- iscZated 
or confused, have been found to admit of cc-ordinaricn into a 
comprehensive scheme, and, this once clearly formulated, many 
workers are found ready to assist in its development. The C 2 m 
is nearly parallel to the recognition of the operation of natural 
selection by Darwin and Wallace, or it might be compar€4 to the 
discovery of oxygen by Priestley and Scheele and the utilisation 
of this knowledge by La voisier. Li each case much preparatory 
work had been done, and a body of knowledge had been gradually 
accumulated which, when duly nrarshalled and surveyed by the 
eye of a master, could scarcely fail to reveal to him the nnderljdng 
principle. The full consequences, however, would appear only 
to a few. 

The law of periodicity was expressed by MendelfeS in the 
following words: ^ 

‘‘The properties of the elements, as well as the forms and 
properties of then- compounds, are in periodic dependence on, or 
(expressing ourselves algebraically) loim a periodic runction ot, 
the atomic weights of the elements/’ After a Grier iiistoriml 
account of the discovery of the law by himself, 
concludes by saying {Pnnciples, p. 18): I consider it weu to 
observe that no law of nature, however general, has been est^ 
lished all at once; its recognition has always been preceded, by 
many presentiments ; the establishment of a law, however, does 
not take place when the first thought of it takes loim, -^r evrii 
when its significance is recognised, but only when it nasbeen cun- 
fixmed by the results of experiment which the man of sciein^ 
must consider as the only proof of the coxrectne^ of hi* <x?n- 

jectuxes and opinions.” ____ 

^ Principles^ 1905, vol. ii., p. T7. 
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The confiimation in this case was provided by the remarkable 
prediction by Mendelfeff of the properties of elements then un¬ 
known. subsequently identified with scandium, gallium, and 
germanium. 

The system once accepted could be applied to such purposes 
as the correction of atomic weights, illustrated by the case of 
beryllium, the recognition of previously unnoticed relations, 
and the discovery of new elements, notably the companions of 
argon by Ramsay some years later. 

One result of the recognition of the periodic law is that theories 
concerning the genesis of the elements received a stimulus 
previously unknown. It is, however, interesting to note the 
attitude of Mendeleeff toward this question, and the small extent 
to which this attitude appears to have become modified with the 
lapse of time. When, in 1889, twenty years after the discovery 
of the law, he composed the Faraday lecture, he seems to have 
regarded speculation in this direction as a kind of abuse of the 
periodic system, and attempts in this direction were classed by 
him among mere utopias. 

Chemists and physicists have, however, found it impossible 
to resist the fascination of this problem, and accordingly there 
have been many hypotheses as to the origin of the elements and 
the nature of their connection with one another. These seem to be 
inseparable from the periodic scheme itself, which at once pro¬ 
vokes the inquiry, Why do these numerical relations occur, and 
what is the meaning of them if they do not point to a common 
genesis or the operation of some process of evolution ? 

Hypotheses concerning the evolution of the elements were 
formerly usually based on the assumption that the successive 
stages of condensation of elemental matter proceeded from a 
single primary stuff , which, by a process analogous to polymerisa¬ 
tion among carbon compounds, gave rise to atoms of greater and 
greater mass, which were stable at the prevailing and any lower 
tempemture. The physical cause of the successive condensations 
is supposed to be a falling temperature. It is, of course, pos¬ 
sible to imagme that if to the stuff of which hydrogen atoms 
consist are added successive portions of matter of the same kind, 
stable stractuxes may at intervals result which we know as the 
atoms of the elements helium, lithium, beryllium, boron, carbon, 
nitrogen, oxygen, and fluorine, provided the idea of internal 
structure in these atoms is allowed. Otherwise, from the mere 
accretion of matter upon a central nucleus, there seems no 


sufficient reason why there should nor Lave b- er: f'rn. ^ ' 
indefinite number of intermediate masses ejire.-o'‘ 
indefinite number of what would be calied ekmeati?. rnrrL 
it is difficult to undemtand why simple increase c: ma-s sL /LL 
change, say, oxygen into fluorine, while a fninher addiricn o: rlv 
same kind should change negative fluorine into L:ert ; v; n : 
positive sodium. The possibility of the condensatici: c: a smzij 
‘‘ protyl ” so as to produce, at successive thouen uneouai s 
of cooling, the elements known to the chemist was dheuss: a i^ifn r 
ago by Crookes. 

This hypothesis, however, was put forward long beicre tne 
work of Sir J. J. Thon^on and his school was given to the world 
and the electron was accepted as a physical reality. The 
hypothesis then arose that one elemental stuff may give rise to 
the whole array of known elements by a process of condensation 
accompanied by a loss or gain of electrons, the mass of each of 
which is approximately one-eighteen-hundredth of the mass of 
an atom of hydrogen. 

If we assume that atoms are made up of two parts (pio^-yls), 
positive and negative, in proportions which determine by the 
preponderance of one or the other whether the element shall 
exhibit the positive character of a metal like lithium or the 
negative character of a halogen, we arrive at a hypothesis which 
recalls the ideas put forward nearly a century ago by Berzelius. 
His views are familiar to every student of the history of chemistry, 
but have long been relegated to the lumber room of wom-c^ut 
doctrine. The last few yeaiB have, however, given us the 
remarkable experimental investigations of J. J. Thomson slxeady 
referred to, and the new conceptions concerning the nature of 
atoms, which revive the fundament id^ that they are made 
up of two components. 

The conceptions presented to us in J. J. Thomson’s work 
permit 6f several supplementary hypoth^s, especially tne laea 
that if atoms are really made up of smaller (X)rpuS€les these ap 
not thrown together in confusion but mi^- be distributea witain 
the mass in a definite order, which is determined by the attmctioH 
of the electro-positive nucleus and the self-repuision oi the 
negative corpuscles included in it. Qn(^ the id^ of stra<^iMe 
within the atom is admitted, the pc^ibifitv j^sents Oj. 
there being for the same mass more than one ananpmerit 
corresponding to what is called isomoism in compiimcls. la 




258 


FAMOUS CHEMISTS 


this way the case of elements with similar properties and identical 
or nearly identical atomic weights may be explained. It does 
not seem very long ago in the memory of many now living that 
the nature of the isomerism of the derivatives of benzene was a 
deep mystery, from which nearly all obscurity was cleared away in 
the light of the then new theory of the constitution of benzene. 
Something of the kind may yet be found in the problem of the 
elements. 

Any account of Mendeleeff’s^work must contain a reference 
to his remarkable book. The Princi'pks of Chemistry^ which in its 
day had an immense influence m the promulgation of his views 
concerning the elements and their relations to one another. 
Several J^glish editions appeared, but though it must be re¬ 
garded as a work of genius it was never very well adapted to the 
use of beginners, and the advance of knowledge has now ren¬ 
dered it obsolete. In the interesting preface to the book Men- 
deleefi pointed out how the peculiarities of a book represent a 
reflection of the personality of the author. In the present case 
author and book are now alike things of the past, but much of 
their influence remains. 

The views of Boyle, of Lavoisier and of Dalton have been 
corrected by experience and broadened by extended knowledge, 
but the fundamental and essential parts of their ideas remain, 
and their names are immortal. In like manner the expression 
of the P^odic Law of the elements as known to the present 
generation has already been absorbed into a more comprehensive 
sch^e, and doubt as to the doctrine of evolution has been practi¬ 
cally resolved. But as with the Atomic Theory itself, there is no 
to doubt that the essential features of the periodic scheme 
will be ekarly distinguished through all time. 
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The investigation wLich led Williamson to n:= theory of the 
formation of ether and seemed to justify his hyyori:^d> of inter¬ 
atomic movement and interchange was one of ihe lir-t in 
domain which now constitutes an entire department of the so nee 
under the name physical chemistry. The physical prc^p'^’rtses M 
the elements and their compounds have long a subj^^or of 
enquiry, but the study of the conditions under which chemical 
combinations and decompositions proceed has been the work cf 
many men and many years in more recent times. Among the 
phenomena which during the last fifty years have attmcted 
^ much attention and the study of which has led m very recent 
times to the most surprising results, are those wMch are observed 
when a discharge of electricity occurs in a in a more or 
expanded state. This is a case which illptmtes in a striking 
wav the dependence of discovery on the invention oi new ap- 
l paratus. This is especially true of the apparatus now avambie 

j for the production of what is called a wmam, begmmng 

* mercury pump invented by HeimanB bprengei^ hi 1-6*5* 

development of apparatus for the p^uction of high 
discharge has also been an important feature of the most moacri: 
work. The late Sir William Crookes must be r^med as me 
! chief pioneer in the investigation of phenomena rfmwn 

I under greatly reduced pressure, and hp researm^ ce 

^ viewed as the starting-point for the' diseomi^ oj bJ J. J. 

I Thomson and his school, which have thrown a new - o— 

I constitution of matter. The foUowing account o. to nm 

f work is taken to a large extent from the obnu^ ii0t2<| 

by the author at the requ^ of the Counml m tne 
of the Boyal Society. 
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William Crookes was bom in London, June 17, 1832. His 
fatlier, Joseph Crookes, bom in 1792, was the son of a small 
tailor in the north of England. He came to London early in the 
nineteenth century to seek his fortune, and he ultimately 
established a tailor’s business in Eegent Street which proved 
very prosperous. He died at Brook Green, Hammersmith, in 
1884 at the age of ninety-two. Joseph Crookes married at 
Aynhoe, Northamptonshire, as his second wife, Mary Scott, and 
from this lady he had a second family of several sons and 
daughters. William was her first-bom, and according to those 
who remember his mother, William resembled her in feature and 
in disposition. 

There is but little on record concerning his earliest years, but 
he used to maintain that, improbable as it may appear, he re¬ 
membered learning to stand and to walk. Such systematic 
education as he received was obtained at a grammar school at 
Chippenham. At home his inclination toward experiment was 
manifested in various ways, and ultimately his father yielded to 
his expressed wish and allowed him to enter, at the early age of 
sixteen, the then newly-established Eoyal College of Chemistry. 
This occupied a buildmg specially erected in 1846 on the south 
side of 0:rford Street, near to the top of Eegent Street, and now 
with the addition of a storey providing offices for the British 
Medical Council. 

Crookes’ first paper resulting from experimental research on 
the sel^ocyanides was published in 1851. He therefore must 
have been both an apt and diligent student of chemistry from the 
first, and the recognition of these qualities by Professor Hofmann 
no doubt explained the position of assistant to which Crookes vras 
appointed and which he retained till 1854. Mr. John Spiller, 
aftowards prominently concerned in the manufacture of aniline 
dyes, entered the College of Chemistry at the same time as 
Ckookes, and the two young students became close friends. Both 
were interested in photography, and together published various 
papers on the preservation of sensitised collodion plates and other 
cognate subjects. In 1854 Ckookes went to Oxford as photo- 
gmpher to the Meteorological Department of the EadclifEe 
Observatory, and in 1855 he became Lecturer on Chemistry at 
the Chester Training College. 

In 1856 he married Miss Ellen Humphrey, a native of Darling¬ 
ton, whose acquaintance he had made some years earlier as a 
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scnool-friend of Ms cousin. Thev were mcrr!-i -- A*::'' ^ ■ 
1856, at tie parisi ciurci of St. Paneras, llidu-Svx. ai.Ir 
housekeeping at Brompton. They lemcvr.^d le iv. E 
Road, K.W., and afterwards to 7. EensiarteL lA:k 
1880, and this was their home to rh- erd cf tbk: iiv--'. I:. : ^ 

he brought out the first number of ibe Chrric^' 2{^ . f ^ 

he remained sole editor until 1906. 

About tMs time the empioyirenr of tb- niisia b. :; ; 
and distinguismng volatile substances in £anr- vns i:.::. f :n .v 
Bunsen and Kirchhofi, and the discovery of inbiEuL: I : nl 
in the water of the Diittheim spring was an::on::cvn Iv Bn: * n 
ill 1860. On applying the spectroscope to tb- . ebonya- 
material from the vitriol works at Tilkerode (Harz . wb: /:: i 
been given to him by Hofmann some yeaK previauslv. and v bid; 
he had used as the source of selenium in his wcuk on tb- : v- 
cyanides, Crookes observed a new green line whiei k d him to tbe 
discovery of thallium. The first announcement of the exister-eo 
of a new element appeared in the Chemicd Aeirs. jkich 
1861. It was originally supposed to be relatt-d to sHprmr. tut 
the discoverer soon saw fit to alter Ms opinion, and :b^- e:::.-Ty- 

exMbited in the International EsMbition, 1862, and to vLkh a 
medal was awarded, were labelled '* Thallium, a M:-' jitdibH 
Eh'inentJ'^ The discovery was interesting from seveial points kA 

view. The use of the spectroscope was novel and the pMi-ud. 

of the new metal were strange, exMbiting as it dotrs the ap¬ 
pearance and approximately the density of lead, some of sajts 
resembling those of lead and mercury? whilst others are prrk-ctly 
similar in solubility and crystalline relations to the salts u! 
alkali metals. The discovery of thallimn at once s^^eured fur 
William Crookes a recognised position in the sdentmc world, 
and in 1863 he w^ elected F.R.S. Obviously the fipt :pk wbieb 
lay before him was the investigation of the chemical and pnysieai 
properties of the new element and its sources in nature. Anror.g 
the most important of the physical constants to be deterin:::-!: 
was the atomic weight, and the remarks on the fubjeet canral^u 
in Prof. P. W. Clarke’s Comtants Natme 
tion, 1882) may properly be quoted here. “ In ib# 3, trcoxes, t:::: 
discoverer of thallium, published his final determiiurricn c: -t- 
atomic weight. His method was to enect the svBtnes:^ oi 
thallium nitrate from weighed quantities ox ab>c/at-:y purr 
thallium. No precaution necessary to ensure purity vi 
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was neglected: the balances were constructed specially for the 
research : the weights were accurately tested and all their errors 
ascertained; weighings were made partly in air and partly in 
mcuo, but all were reduced to absolute standards, and unusually 
large quantities of thallium were employed in each experiment. 
, . . Suffice it to say that the research is a model which other 
chemists will do well to copy. . . . Hence, using the atomic 
weights and probable errors previously found for N and 0 , 
T1 = 203-715 -f- -0365. If 0 = 16, T1 = 204-183. . . . Crookes 
himself, using 61-889 as the molecular weight of the group NO 3 
gets the value T1 = 203*642; the lowest value in the series being 
203-628 and the highest 203-666, an extreme variation of 0*038. 
This is extraordinary accuracy for so high an atomic weight, at 
least as far as Crookes’ work is concerned.” 

This passage illustrates the spirit which animated Crookes* 
work throughout. Nothing short of the highest attainable 
accuracy ever satisfied him. 

Ordinary research into chemical and physical phenomena was 
at this time interrupted to some extent owing to excursions during 
the years 1870 to 1873 into a field which up to that time had been 
regarded as outside the domain of pure science. But Crookes, 
with characteristic independence of spirit, plunged into an 
enquiry from which his contemporaries in pure science not 
unnatuially shrank. The result was that an article under the 
title Experimental Investigation of a New Force ” appeared 
from the pen of WiUiam Corookes, which created a feeling of 
consternation among his scientific friends, ilr. D. D. Home had 
been for some time holding seances at which his presumed powers 
as a ""medium” had been manifested in the production of 
phenomena which could only be described as extraordinary. 
These have been so often described that it is only necessary here 
to mention the production of sounds like raps or cracklmg, the 
movement of heavy bodies such as furniture in the presence but 
out of r^ch of the medium, and the “ levitation ” or apparent 
floating in the air of the medium or other human beings. The 
experiments made by Crookes were stated by him to have been 
conducted in his own house, in the light, at times appointed by 
himself and in the presence of no person beside the medium, 
except private friends. 

At one ot the earlier seances the experiments were made in 
4iie* presence of Dr. Huggins (afterwards Sir WilHam Huggins, 
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President of the Rojal Societv), Serfeant Cos. 
conductor of the Law Times and Recorder 
Crookes’brothers, and his chemical assi^cr'^. 
nary, 1874, the same journal pnblishpd rf 3 ;- 

into the Phenomena calVd Soiritaal during th- 
with the signature "William Cnookes. 

It is perhaps not surprising that Crookes was nu oiie: v 
in a violent manner, but he was able to show'that ro*-' 

representations and misstatements were mad? which eTerrcri- 
must now perceive were wholly imiustinable. stcrr of hi? 
experiences as told by him is supported bv evidence which would 
be accepted as conclusive if these statements r-:at-d to anv 
scientific work or to any ordinary occTiixence. Crcckes himself 
never withdrew or altered Ms statements eoncemina the phe» 
nomena he had witnessed, and in his Presidential Address to the 
meeting of the British Association at Bristol, so late as 189?, he 
reiterated Ms conviction as to their reality. This conviction he 
retained to the end of Ms life. He was Ptesident of the thdetr 
for PsycMcal Research in 1897. His view, if he really had a 
settled opinion, as to the explanation of these strange phenomena 
cannot be given in Ms own words, hut the view of ilr. Serjeant 
Cox on the theory of what he called psycMc force is given very 
clearly at the end of these Notes,” and it app?.aTs probable 
from the^prominence given to tMs expedition that it repmsents 
very nearly the opinion of Crookes himself. Perhaps the last 
few lines are sufficient to quote in this place, as piolibly views 
may have changed during the forty-five years since they we^ 
written. The passage is as follows: “ The difference between 
the advocates of psycMc force and the Spiritualists conrists in tMs 
—that we contend that there is as jeb iGsafficient pKJof of any 
other directing agent than the Intelligence of the fedium, and 
no proof whatever of the agency of the Spirits of the Dead ; wMIe 
the Spiritualists hold it as a faith, not demanding furtMr 
that the Spirits of the Dead are the sole agents in the pioducrioH 
of all the phenomena. Thus the controversy resolves itself into 
a pure question of fa<^, only to be determined by a kb^ricus and 
long-continued series of experiments and an extensive eolledion 
of psychological facts.” ^ 

^ "With regard to the phenomena recorded by Crcofces them 
be for a long time to come two oppe^te and^ iir^B<mbIe 
opinions. On the one hand the sights and souikk exmcitrii in 
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the presence of the medinm are not more inexplicable than many 
of the tricks shown by professional conjurers in the production of 
which there is no claim as to the employment of '' psychic force ” 
or any supernatural agency. The late Mr. Bertram, a pro¬ 
fessional illusionist, used to show a trick with solid brass rings 
which were made to link together and unlink immediately under 
tJie eyes of ike spectator, to whom it appeared that the metal of the 
one ring passed through the solid metal of the other. The 
essence of the illusion here has never been explained to the public, 
but it is known to the conjuring confraternity, and no one sus¬ 
pects them of any supernatural power. 

On the other hand many people now believe that the agency 
of the “ medium pro^ndes a means of communicating with the 
spirits of the departed, and there can be no doubt that such 
persons have in many cases become unconscious victims of cruel 
fraud, rendered all the more easy by the general prevalence of a 
kind of hyper-sensitiveness following the agonies of the late war. 

It is unnecessary to pursue the subject further, but as Crookes 
made no secret of his views, and his credibility in regard to all 
other questions, scientific or otherwise, has never been impugned, 
his biographer would not be justified in doing more or less than 
to place on record such statements as appear to represent fairly 
the position he had assumed, and certainly no biographer would 
be expected to pronounce any opinion other than that which he 
believes to have been entertained by the subject of his notice. 

Eetuming to the chief events in Crookes’ scientific career, 
the estimation of the atomic weight of thallium involved the use 
of a balance contained in a case exhausted as completely as 
posable of air. The use of the vacuum balance was attended by 
unexpected phenomena, which occupied his attention for many 
years afterwards and led to the discovery of the radiometer in 
1875. This was described in a paper entitled On Attraction and 
Eepulsion resulting from Radiation,” communicated to the Royal 
Society on March 20, 1875. A Royal Medal was awarded to 
Crookes at the Anniversary Meeting in the same year. The 
President in presenting the medal referred to the instrument in 
the form in which it has been since familiar, namely, wdth the 
four-armed fly mounted on a sharp point and having the vertical 
discs at the ends of the arms blackened on one side. He also 
mnarked, It is the mystery attending this phenomenon that 
gives it its great importance,” Great interest was manifested by 
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many experimenters in tne phenomena observed, and tVtr* ■y-i*r. 

many attempts at explanation. In the end. th=" 'r 

forward by Dr. G. Johnstone-Stoney, areordbg'to whi'? R ,. 

repulsion is due to the movements of the molecniri rf -'‘■w • 

gas acting differentially on the two surfaces of 

was accepted. ’ 

In a footnote to one of his papers {Proc. Pmj. Soc.. iSTG. 25, 
p. 308), Crookes drew attention to the prowrries of id iv 
attenuated gas, and expressed the wiew tlat' the nht 
indicate the existence of a fourth state of matter 
from the condition of gas as is from liquid. ' 

In all the numerous experiments connected with thi^ ;i • 
vestigation, Crookes was assisted by ilr. C. H. Giminsiam.'whfl. 
mechanical dexterity and skill as a glass-blower'were 
remarkable. Gimingbam joined the" Swan Electric Dsht 
Company in 1881, but unhappily died a few years later' 

1516 phenomena exhibited by the electric dischars--* in 
rarefied gas had long been familiar, and had been stndi-ii bv 
Plucker, by Hittorf, and other physicists. It was natural that 
in the examination of the properties of highly attenuated gas the 
phenomena exhibited by electric discharge throuah such'medb 
should receive Crookes’ attention, and in the paper in ".vnich Lis 
first experiments in this direction were described {Proc. Ro^. 
Soc., 1879, 28 , p, 110), he was led to theoretical speeukrionis 
on the ultra-gaseous state of matter. In this |^per, the dark 
space which appears round the negative ]X}!e was the suQeet 
of experiment, and was found to enlarge as the exnausticn 
proceeds, whilst the phosphorescenee excited on the gkss wak- 
of the tube diminishes and ultimately disappears. The da:k 
region round the electrode has since been known as the Croch?. 
or cathode dark space. The rays from the cathode may be 
to converge by the use of an aluminium cup, and the resuit 
the production of a green phosphorescent spot on the glass : th- 
rays, travelling in straight lines, cast a strong shadow from any 
object placed in their jmth. The rays when concentrated also 
develop great heat, which may rise to the melting point of 
platinum. 

In 1880 the French Academie des Science awarded Crmkm 
Bril extraordinary prize of 3,0(K) francs and a gold io 

reojgnirion of his discoveri^ in molecular physics and radiant 
matto^ In the years following 1^ he continued the active 
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investigation of tie pienomena exhibited by gases in a highly 
attemiated state, and among other properties he studied the heat 
conduction and viscosities of gases in this condition. He also 
examined the phosphorescence exhibited by many substances 
when exposed to the discharge from the negative pole in a highly 
exhausted tube; and in the Bakerian Lecture for 1883, speaking 
of this discharge as radiant matter/’ he considered that the 
particles flying from the cathode were of the dimensions of 
molecules. 

For some years he was occupied in tracing by the spectroscope 
the changes noted, and he was led to attempt the separation of 
some of the earths, notably yttria, into the components of which 
they were supposed to consist, by means of a very elaborate 
system of chemical fractionation. The result of all this work led 
hivn to speculations as to the characters of the elements and the 
existence of a class of bodies which he called meta-elements.” 
These meta-elements he regarded as composed of atoms " almost 
infinitely more like each other than they are to the atoms of any 
other approxunating element. It does not necessarily follow 
that the atoms shall all be absolutely alike among themselves. 
The atomic weight which we ascribe to yttrium therefore merely 
represents a mean value around which the actual weights of the 
individual atoms of the ‘ element ’ range within certain limits. 
But if my conjecture is tenable, could we separate atom from atom 
we should find them varying within narrow limits on each side 
of the mean.” This view was put forward in the Presidential Ad¬ 
dress to the Chemical Society, 1888, the whole of which even now, 
after more than thirty years, would repay perusal. The possibility 
of the evolution of the elements from a primal elementary protyl or 
urstoff is a proposition which has been discussed from the most 
ancient times, but the chemist had little positive information as 
to the inter-relations among the recognised elements before the 
conception of the^periodic law. Taking an idea from Prof. 
Ememon Reynolds for the diagmmmatic display of the periodic 
relation of properties to atomic weight, Crookes produced a 
figure of eight curve, on which the symbols of the elements are 
placed at intervals so that the members of natural families fall 
into position vertically over one another. 

On this curve the meta-elements would be ranged^in groups or 
clustem dose together. Radioactivity had not been discovered 
. when this address was composed, but something approaching 
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Crookes’ idea has been realised in more recent times bv 
covery of isotopes among the products of the dis:r:~pr:.^: :: "f 
radioactive elements. For Ms resterches cn th- b :/■ v; * 
substances under the influence of the electric discharge ::: i ;.i 
vacuum, with special reference to their spectrosec nic b'*hiv:’'m, 
the Davy Medal was awarded to Crookes by the Ecval Jtcietv 
in 1889. 

iel The discovery of argon bylRayleigh and Ramsay in IS94. and 
of helium by Ramsay in 1895, opened a new teid, and Crcnb^s 
being recognised as the most experienced obser%-er cf STH-criri and 
the highest English authority in this direction, the new ^ases w-'*re 
at once submitted to him, and the identity of terrestrial w:*! 
solar helium was established finally by his e^minaticn. 

Soon after this time the brilliant researches of J. J. n 

threw an entirely new light on all the difficult spectroscopic ques* 
tions which had been so patiently and so successfully examiiied by 
Crookes. It became clear that the particles projected iicm the 
cathode were much smaller than any known atoms or molecules of 
ordinary matter, and were, in fact, the minute bodies ealVcl 
electrons. On this point, Crookes, in a paper on the Stratifi¬ 
cations of Hydrogen” {Proc. Roy. Soc., 1952, 69, p.iU), ex¬ 
pressed him self in the following terms: In twenty-five years 
one’s theories may change, although the facts on whieii they are 
based remain immovable. What I then calied * Radiaiit Matter ‘ 
now passes as ' Electrons,’ a term coined by Dr. Johnstone- 
Stoney to represent the separate units of electricity wnich is as 
atomic as matter. What was puzzling and unexplained on tie 
* Radiant Matter ’ theory is now precise and luminous on tee 
‘Electron’ theory.” And by applic^ion of this thecaT the 
stratifications of hydrogen were explain^. ^ 

The discovery of radioactiTity by Henri Becqaemi and oi 
radium bv Madame Curie toward the end ot tne ceniuiy 
ally attracted Crookes’ interest and attention. ^ On e^mkafea 
of uranium salts, some specimens were lound to be muen 
radioactive than others. It was soon found that tne ladioadive 
constituent is precipitated from a solution by ammonia, on 
adding excess of the reagent, a small, insoiuhle, hgut -..„wn 
precipitate is left which exhibits strong raditactiTC pro^-rties, 
whilst the manitun salt remaining is almost inactive. A year 
later the uranium had regained its arfivrty. To t^e active 
substance the name uianium-Z was given. Whatever ji; *>.3^ 
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nature, it is evident that uranium owes its usual activity to the 
presence of this substance which is generated from it. and the 
separation of which depends on the readiness with which it 
attaches itself to precipitates, especially ferric hydroxide, w^hen 
iron is present as an impurity in the uranium compound em¬ 
ployed as material. The year following, Crookes, continuing his 
observations on the emanations of radium, discovered the effects 
produced by the a-rays on a siiiface of hexagonal blende (zinc 
sulphide), and invented the little instrument, which he called the' 
spinthariscope, by which the number of scintillations can be 
coui.ted, each spark being produced by one a-particle. 

The researches on the spectra and other characters of the rare 
earths occupied more than twenty years, and one result was a 
very extensive study of scandium and its salts, which places it in 
the position of being now better known than almost any other of 
these difficult elements from which scandium is separated by its 
low atomic weight. 

A very valuable investigation undertaken in connection with 
the Glass Workers’ Gataiact Committee of the Eoyal Society was 
begun in 1909. The main object was to prepare a glass which 
would cut off those rays from highly heated molten glass which 
damage the eyes of workpeople. This involved a study of the 
effects of the addition of a large number of metallic oxides to a 
colourless glass, specially prepared for the purpose by Mr. H. 
Powell, of the Whitefriars Glass Works. The problem was to 
prepare a glass which would cut off as much as possible of the 
heat radiation, and at the same time be opaque to the ultra-violet 
whilst the colour would be scarcely noticeable when used 
in spectacles. In the result, a series of eighteen different recipes 
were provided which meet, more or less fully, the three require¬ 
ments contemplated. These have been found to be, in practice, 
very beneficial to the workers. 

We may now recall some of the subjects which at various 
times were studied by this untiring worker, outside the course 
of research which may be supposed to have represented his 
j^ediiection. 

It should not be forgotten that when quite a young man he 
was appointed, by the Government to report on disinfectants and 
their application to the arrest of the cattle plague in 1866, and 
that he was responsible for the recognition of the antiseptic value 
of phenol or carbolic acid. 




r*BQOKE? 

The diamond has been ever a srfbivcr ei :i r ^ 

the jeweller, but to the mineraloHist and cnemhr, rv- - 
mystery in which, up to recent times, i's eri d- ' ^ ^ - * 

were involved. In a visit to Kimbeii-v in * - - .. - ^ 

nearly a month in the mine? :rtudvi!:n th- 
of the mineral, and attain hi 1905." on the or. h - ' 

the British Association, he pursued the :.:v:::v. •- - 

the late Prof. Moissan demoustmted the n: tdu:-::*.: t: ^ ^ 

by GrystallisatiGn of carbon from molten iron ^ 

Crookes showed that the residue of cordite expi^h ;a ::: • ^ 

steel cylinder contains crystalline particles vcises-:: r the iuim 
of the diamond. He published an intercstins little book on 
diamonds in 1909. 

Another subject in connectioii with which he did service 
was the importance of producing and appiyin;i to ik^ land miich 
larger quantities of nitrogen in the form of nitiate in order to 
increase the supply of wheat. The Wheat Problem'' wa* one 
theme of his Presidential Address to the British AsscMkation at 
the meeting at Bristol in 1898, and his views on the subject w^ie 
embodied in a volume published a year later, in which he was able 
to reply to the various critics who in the meantime had que:^::DUt d 
some of his conclusions. Though^ doubtless, some of his 
startling statements admit of modification, the prebkm still 
remains a topic of supreme interest to the agriculturist and to the 
world at large. 

It would be almost impossible to enumerate ail the varioim 
directions in which Sir WiUiam Crookes (he received the honour 
- of knighthood in 1897) occupied himself in connection with 
problems of public interest or as expert adviser to the Govern¬ 
ment, but, in passing, may be mentioned his work on the dispo^ui 
of town sewage, his reports on the composition and qualuy cf 
daily samples of the water suppii^ to London fmm 1555 
and his services as Consulting Expert on the Oidnauee E;.uri 
from 1%7 onwards during the period of the war. Xor shc.u,d :t 
be forgotten that the office of President k in mrny leeru-.a 
societies no siaecure. In pr^iding over the Cheiuiea! ^ocivty 
(1887-9), the Institution of Sigiseers the 

British Association (1898), the &><aety of Chendoil tscu^try 
(1913), and, finally, the Royal Sodety (1913-15), Sir Wiihip pam 
close attention to ail the multiffinous details of tie b of 
each, society. He also served as Honorary Secretary to its 
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Royal Institution from 1900 to 1913, and as Foreign Secretary 
to tte Royal Society from 1908 to 1912. Every man of science 
among Ms contemporaries vdll be ready to aflSxm, therefore, that 
the numerous honours wMch were showered on Crookes by the 
most distinguished academies and universities in'the world were 
well earned and very fittingly conferred. He received from the 
Royal Society the Royal, the Davy, and the Copley Medals, and 
from the Royal Society of Arts the Albert* Medal, and finally, in 
1910, the Order of Merit was conferred on him by the King. 

Crookes’ whole scientific career is interesting, apart from the 
value of Ms discoveries, as illustrating the fact that to a man of 
genius the character of Ms early education has but little influence 
on Ms acMevements. As mentioned already, he left school at the 
early age of fifteen, and at once specialised in a single branch of 
science under a teacher eminent in Ms own line, but from whom 
the young student seems to have derived little but the advantage 
of example, for the subjects to which Hofmann devoted Ms 
energies appear to have had but little attraction for Crookes. 
Unlike W. H. Perkin, who also entered the college at about the 
age of fifteen with equally imperfect general education, he never 
seems to have been attracted by organic chemistry, and to the 
end of Ms life remamed practically ignorant of tins branch of 
science. The genius displayed by Crookes was, however, accom¬ 
panied by unusual iadependence of character, wMch was displayed 
in a variety of ways, not only in the course taken by his own re¬ 
searches, but by Ms attitude toward the statements and pre¬ 
tensions of others. Nothing seemed too improbable to escape his 
attention, and of tMs the time and trouble he was tempted to 
expend on the pretended transmutation of silver into gold some 
twenty years ago is a sufiacient illustration; The same liberality 
of spirit made Mm very tolerant, and perhaps not always suffici¬ 
ently critical, in regard to articles in his paper, the Chemical News. 

Crookes’ industry was extraordinary. His first paper, already 
mentioned, was published in 1851 and the last in 1918, a period of 
sixty-seven years devoted almost entirely to research. But he 
published also several bulky volumes of technical character 
concerning which perhaps the jingling rhymes by Frederick Field 
in the Chmiiccd Bemew by a B ” of long ago represent a not 
unfair judgment: 

‘‘ThaUiuin, we hail thee, and we owe to Crookes 
More for thy happy birth than for his books.” 
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They undoubtedly lepresented a eonsiderable ^ ^ 

probably performed to some extern: bj assistaati. *** ^ 

Crookes was no linguist, and possifalv inn tn :!?: L ‘ ^ 
his researches were never contributed to'anv G^rnmn - 

work was very little noticed in Germa 2 .y. I: was ^ 

from the reception given to his address deliveiei at tie ni- n!..7 
Congress in Berlin in 190a that the audience was unfnmilLr t i^ 
his person and indiSerent to his ^^ubjecr. Xoi war h 
interested in literature, and in evidence ci this he cnc= eennuri 
to a lady with whom he was taiidiig on the subiect ihit hi* 
^creative reading generally was found in detective stories. I:ns 
is not to be surprised at, for the problems before the detective 
of a character similar to those which the man of science 
deavoms to elucidate. Crookes was kindly in dispe siticn, tfd 
to young men and hospitable toward his friends and atQUiki- 
ances. When he came to live in Kensington Imrk Grardens he 
was always at home to callers on Sunday evenings durii.r tht 
winter, and it was on one of these occasions that the writer had 
an opportunity toward the end of the century of learning ixcin 
his host that his convictions were unchang-d :egard:::g the 
reality of the phenomena of levitation, etc., he h;d leccrutd 
thirty years previously. He was, in fact, at that tim- stiii 
actively engaged, as Piesident of the Society for P^rvchical Ee- 
search, in following up the subject. 

Spare in figure throughout his life, he became toward the end 
extraordinarily thin, though his capacity for work when over 
eighty years of age was illustrated in a remarkable way by Lis 
active disdiarge of the duti^ of Prudent of the Eoyal Sceitty, 
and at the same time, in 1913, those of President of the Scciery of 
Chemical Industry. Few can have Imd opportunities of witne^- 
ing any disturbance of his temp^, which was singUiariy 
but it must also be said of him that he took life senousA''. lor ne 
was one of those who are ” never seen to laugh and rarefy seen 
to smile.’^ This is not inconsistent with an habituaiiy cneemui 
demeanour, to which continuous dom^tic happiness dcuctliss 
contributed in no small degree. The dedication ot ms nttre 
book on Diamonds is an expression of acknowi^igmeiit: ” xo 
my Wife, my comjmnion and friend of fifty-four y^is. To her 
judgment and advice I owe more than I c&o. ev^ rejAy.' Jmqj 
Crookes died in 1915. 

Whatever pc^tion in tiie hierarchy of i^ience is uitaHiateiy 
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assigned, to ftookes, there can be no doubt that his work on the 
electric discharge in gases will determine the question. 

The discovery of thallium was a brilliant result of the ap¬ 
plication of a new experimental method, but it would certainly 
have been made within a few years by one of the many chemists 
who resorted to the use of the spectroscope. Crookes’ laborious 
experiments in the fractionation of the rare earths led to no 
discovery comparable with the separation of neodjnnium from 
praseodymium by Auer v. Welsbach in 1885. Nevertheless, it 
was always instructive to hear of Crookes’ views on any subject, 
whether it was the origin and relations of the elements or the 
ultra-gaseous state of matter. And so the judgment of the 
contemporary generation of chemists must certainly place hiTY> 
in the front rank of scientific pioneers. 



CHAPTER XXI 


BAMSAY 

The name and scientific acMevements of Sia William Ramsay 
are still fresli in the memories of Ms scientific llu 

tiie public. He died in tie early mommg of July 23,1916, in tie 
midst of tie great struggle in wiici Ms countiY T/as invclved. end 
at a time wien iis great ingenuity and activity of mind mi^ 
iave been of service. He iad already made sirons representa¬ 
tions to tie Government on tie absurdity of allowing fats and 
cotton, boti materials from wMch explosives were made, to pass 
into the hands of the enemy through some of the nations then 
assuming a position of neutrality. After some nine months of 
suffering he was, however, removed from further imiis and 
farther activity, 

“ Like a summer-dried fountain, when our need was sor^ .^ 

William Ramsay came of a stock from which mental qualities 
might be expected such as would lead to diligent pursuit of some 
branch of science, probably chemistry. His forefatheis for 
many generations had been dyers on the paternal dde, wMte 
those on the mother^ side had been physicians. His tether, 
William Ramsay, bom in 1811. had married Catherine Eobertscin 
after waiting many yearn, both being about the age of forty, and 
their only child, Wiiliam, was bom at Queen^ Cr^<^nt, Gl^pw, 
on October 2,1852. 

Erom notes supplied by friends of the family we l^m tMt 
young Ramsay had a very happy childhood. From the tact of Ins 
being an only child much of his time was spnt in the of 

his parents, and hence he acquired the habit of sjmkmg in tie 
style of his elders, and probably his thoughts were to some 
extent influenced by what he heaifl from th^. He dia not mm 
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greatly for the games on wMcli boys generally spend so much of 
their time. He was, however, fond of boats and building with 
bricks, according generally to plans of his own. He had a strong 
love of animals and always had a dog as pet and companion. 
From his earliest days he showed considerable aptitude for music, 
and he had instruction in playing the piano not only at the time 
when he was attending a preparatory school, but in later years 
from Dr. A. L. Peace, organist of Glasgow cathedral. He also 
developed remarkable powers as a linguist, which he cultivated 
while still a young boy by the practice of reading a French or 
German Bible in church while the sermon was going on. His 
mother was a strict Calvinist, and her boy was therefore brought 
up under influences which gradually underwent modification as 
he advanced in life, but which had one great advantage in making 
him familiar with the text of both Old and Hew Testaments. 

His grandfather’s family consisted of one daughter, Eliza, 
bom in 1810, and three sons, William, born in 1811, Andrew 
Crombie (afterwards Sir Andrew, the famous geologist), born in 
1814, and John, who became a sugar-planter in Demerara, bom 
in 1816. On this side the cousms of young William were the 
children of the geologist, and lived in London. On the other side 
the only sister of his mother had married the Rev. Dr. Jolly, and 
their only son became a minister in Shetland. It was in visits to 
these relations in the early years, accompanied by his mother, 
that young Ramsay gaiaed an extensive familiarity with Hs 
native land. In Shetland he learned to swim and to manage a 
boat in all weathers. He also enjoyed visits to the family of the 
Turnbulls, one of whose ancestors had been a partner with Lis 
grandfather, and was the discoverer of Turnbull’s Blue.” 
They had been manufacturers of pyroligneous acid and other 
products from the distillation of wood. 

In due time William Ramsay entered the Glasgow Academy, 
and of his life at this period the recollections of his old school¬ 
fellow and lifelong friend, Mr. H. B. Fyfe (since deceased) supply 
interesting glimpses. He says: “ I met William Ramsay for 
the first time in August, 1863, when we both joined the Third 
Ia.tin Class in the Glasgow Academy. ... He continued in the 
Glasgow Academy till May, 1866, taking the Third Latin in 
’63-64, the Fourth I^tin in ’64-65 and the Efth Latin in ’65-66, 
So &r as I remember he did not take any part in the class games, 
and I^do not remember that he took any prizes. I think this 
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was accoimted for by tbe feet tim te was rsai!^ ‘wr 
junior to tbe average age of the class. . . . -V,, 

same, about the average height. In Xovember. Itvj, h- w*- 
the University and took the usual Arts DeLu:ee eurrir uium T- *, 
would be, I think Latin and Greek for two Tears, tba* 

May, 1868, Logic and Mathematics in 156S-GS. 

Philosophy and Moral Philosophy in 1869-70. I do not ‘lo.k 
he ever took Chemistry in the Univeisity. 

“ Our friendship began shortly after we went to Colley-, 

At that time he knew nothing of chemistry theoretieally but he 
had for some time been working at home at vaiicus eroorln.-::*:^, 
as we called them. He worked in his bedroom and there were a 
great many bottles always about contaming acids, salts, meicury 
and so on. When we began to meet I fouiid he was quite 
familiar with all the ways of getting the material and app«jstus 
for working in chemistry. We used to meet at my house in tbe 
afternoons and do what practical work we could, making oxTgen 
and hydrogen and various simple compounds such as oxalic acid 
from sugar. We also worked a good deal with glass. ... We 
made nearly all the apparatus we used except fiasks, retorts, and 
beakers. . . . 

did not begin to study chemistry systematically til! 
about October, 1869, when he went to Mr. Tatlocks laboratory 
in the afternoons, after his college classes for the day were over, 
and began to work under him, ... In addition to his College 
classes and chemistry he took lessons in music under Dr. Peace 
and also in Irench and German, the German being under Dr. 
Schlomka, 

“ It was in 1869 that he first went to stay with Ms cousin 
Mr. Jolly at Walls. ... In the following winter '^70 my eye¬ 
sight failed and for nearly a year I was unable to read. Daring 
that time he was exceedingly kind to me in coining to read to me, 
and also in arranging for waits in the country. He must hw 
that time have acquire considexahle familia rity with langmg^, 
for he read a good deal of Beiai^ and other Pmich p^s. 
was also at the same time trying to learn Ga^, and used to 
amuse us a good deal by going down to the jotchen to test his 
progress and to ask qu^oim from a ffi^iknd they 
had. ... 

“ Of course I met Ramsay’s father and mother frequently 
and stay^ w ith th^n oftoi. I think Ram^y t<K>k scienriiic* 
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bias horn Hs father, who was greatly interested in every scientific 
subject, and glad to talk about them. ... I think he also took 
his sociable ^position and broad outlook on life a good deal 
from his father, 

“His mother was a very notable woman. She had very 
strong views on all matters connected with religion and the 
Church, and I think she looked with considerable suspicion on 
scientific enquiries. She did not oppose or argue about such 
enquiries, but she certainly did not encourage talk about such 
subjects as Darwinism, and was immediately up in arms if 
anything was said that seemed to question orthodox religious 
views. I think it must have been owing to her that so much of 
Ramsay’s education was devoted to such subjects as Latin and 
Greek and Philosophy, in which he never took any particular 
interest. She had splendidly calm nerves and a clear logical 
head, both of which qualities she passed on to her son. . . . 

“When he came back from Germany he was splendidly 
equipped both mentally and physically for a successful career. 
He had perfect health. He could walk forty miles in a day 
without any difficulty. He was a very strong and graceful 
swimmer and could dive further than any amateur I have seen. 
When we were in Paris in 1876 the four of us used to go to one of 
the baths in the Seine every forenoon, and after the first time, 
when Ramsay was ready to dive the bathman would pass round 
the word that the Englishman was going to dive, and everyone 
in the establishment, including the washerwoman outside, would 
crowd in and take up positions to watch him. He dived the 
whole length of the bath and sometimes turned there under 
water, and came back part of the length. . . . With these 
physical qualities he had also great courage and tenacity. He 
never seemed to be upset by anything. ... I always found bim 
exceedingly kind-hearted and considerate. I do not think anyone 
who needed friendliness or consideration would ever have been 
p^sed by by him, and for my own part, especially at the time 
when my eyesight failed me, he was Mndness itself.” 

In Tatlock’s laboratory a year was devoted exclusively to 
analytical work, and in the following year Ramsay attended the 
lectures in chemistry by Pcof. Thomas Anderson and his 
successor, John Ferguson, He also, among other subjects, 
attended lectures and laboratory instruction in physics under 
^ Sir William Thomson (Lord Eelvin), of whom in an essay written 



.in later years he speaks in teiins of acaniiaiior: o - r 

Lis mdebtedness to the teachirs and exaiooi- r; - ^ - 

feUow-coxmtryroan, The proiect was formed abonr t-h 
studying chemistry in Germany, and ar ±st:: vm; :ot -rd-i ^ 
he should go to Bunsen at Heidelberg. Tbr cmlr-ak e: -or 
between France and Germany caused this urr^eet ro b- de>n:- -i. 
He did, however, find his way to Eeidelber^ in the autumn t: 
1870, and appears to have worked for a sborf time in *be 
tory there, but in the spring of iSTl he went to Ttibirmen ^nd 
entered the laboratory of Professor Fittin, where in the zoix^z.i 
year he secured the degree of PhfD. He enjov^d the sodetT ei 
a numher of English, Scotch and Americtin students, emexo 
whom was Ira Remsen, afterwards Professor Eein.^en 5 cl Balti¬ 
more, who at that time was acting as an assistant in the labetatcrv. 

Returning to England, Ramsay was appointed asshtunt to 
the Professor (Bischof) of Technical Chemistry in Ander-on’s 
College, Glasgow. 

In the summer of 1873 Ramsay joined his uncle Andrew, who, 
with his sister Eliza and eldest daughter, were visitink' tb- 
Rhine valley with geological investigation in view. Vith thi-t 
eldest cousin of his, Ella Ramsay, he kept up a corre^^pc ndence 
throughout his life, and from Ms letters, which have been pre¬ 
served, much information concerning all the principl event- of 
his career is derived. 

In 1874 Ferguson succeeded Anderson as Professor of 
Chemistry in the University, and Ramsay was appointed to the 
post of Tutorial Assistant. This he held for abcu: sis years, and 
after offering himself for several collegiate %’acane:es, he vras 
ultimately successful in his candidature for the Prcfessci-mp cf 
Chemistry in the then newly-established college at 
TMs after Ramsay^ time developed into the tnivers 2 iy ei 
Bristol. 

He entered on the duties cf this appointment ear.y nr iSt'.. 
Those were days when the country was slowly waniiig up to tne 
importance of providing teaching of high Quaiiry wtiniii icaen ci 
those who for various reasons were unable to ta^e aavantup ci 
the benefits to be enjoyed at the older residential 
The conditions imder which the new pmiessorships were 
into existence were not always encouragmg and ty 

men of ability. He community m many cases was inaiiitrrcnv, 
the funds in^equate, and the id^ of the governing horns ^ 
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on sucli subjects as teaching and research were narrow; the work 
imposed on the teachers was often too heavy, so that there was 
scanty time for self-improvement and the pursuit of new know¬ 
ledge. In the case of Bristol the stipend offered to the Professor 
of Chemistry was £300 per annum, with a share of the fees paid 
by students, a minimum of £400 being guaranteed by the Council. 
But the Professor was required to give courses of lectures in 
College both to day and evening classes, also to give courses of 
instruction in neighbouring towns in connection with local 
industries. Thus by an arrangement with the Cloth-Workers 
Company he had to lecture in Trowbridge on the art of dyeing. 
The first"Principal of the College was Alfred Marshall, afterwards 
Professor of Political Economy at Cambridge, but he resigned in 
1881 and Eamsay was appointed in his place. This involved an 
additional burden of duties, but Eamsay was never afraid of 
work and the laboratory was kept busy with research in which 
he was joined by his successive assistants. The chief of these 
was Dr. Sydney Young, who was his successor in the Chair and 
afterwards became Professor in the University of Dublin. Be¬ 
tween them a series of papers was produced on the thermal pro¬ 
perties of solids and liqui(& and on the relation of evaporation to 
dissociation, which extended over and beyond the five years 
which elapsed before Eamsay left Bristol. 

In 1881 the British Association met in Montreal, and Eamsay, 
together with several other Principals of the new University 
Colleges, was among the party on board the Peruvian s.s. on the 
return journey. The financial diJQdculties in which all these colleges 
were involved was naturally a subject of discussion among them. 

The Welsh Colleges had recently obtained grants of money 
from Parliament, and the idea arose that the English Colleges, 
which were all more or less hampered by want of money, should 
receive similar assistance. Eamsay and Principal Hicks, of 
Sheffield, were appointed secretaries of the Committee which was 
soon afterwards formed to take steps in this direction, and Eamsay 
particularly took a very active part in all the business, which 
happily resulted some years later in the assignment of a grant 
from the estimates in aid of university education in the 
provinces. 

In 1887 Eamsay was chosen to succeed Williamson in the 
Chair of Ghemistry at University College, London. Immediately 
^ afterwards he was plaoed among the fifteen selected for the F.E.S, 
In this position at University College he remained till his 
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retirement in 1912, and here all Lis remarkable - -r ■ - ■ 

discoveries were made. As a teacher EamssT b-id" t ^ * - 
viewSj nrst as to tie place and manner exam’" -" i 
system of education in science, and secondiT as r : b - * ^ ^ ^ 

of introducing students to tie metLcds cf r-s-nr:b ^ ^ - 

possible moment. On these ooints tnere a:wr v- . 

siderable difference of opinion amons tLise Lx-t 
judge, that is, among teachers of experience, Ent wLur-v* r ^ 
views he was certainly very successful in insnirinn 1:- v» 
students with his own ardour in the nursuit of 
and if the rank and file did not disrlnguisL rbemselvas S “ 
ezaminarion it was not owing to neglect i)v the prcft>sor. 
was, in fact, almost too ready to yield to the demand for fr^-h 
classes to suit the wishes of the College auriiorities. 
had derived so much advantage from Ms time of studr ur:d* r 
Professor Fittig, at Tubingen, that he was led to attach somewhat 
exaggerated importance to the principle of letting t^achirs 
examine their own students with very little external eei:?c:=hin. 
This is not the place to discuss a question of this loLd, but th ..?3 
who are interested will find in the life of Sir William Ram'i v ^ a 
chapter in wMch Ms views are set forth in some detail '^.vrtn the 
aid of extracts from his own lettem and essays. 

Before Eamsay had been long at University College an 
occasion arose which led to his great discoveries is connection 
with the gases of the atmosphere. During the mtarwning five 
years he had been carrying on work of physico-ehemicmi eharacter 
which resulted in a number of published pa|^3s, also in the 
business connected with efforts then being made to dian|e the 
character of the londou Univeisity. 

In 1892 Lord Rayleigh, in the coume of a long irries 
experiments on the densities of the principai gises, disccwr.i 
the fact that nitrogen gas derived from the air is slightly h:a vt r 
than nitrogen prepared by a chemical proc-ess frcm ammcnic • r 
other compound containing that elem^t. In the two fchewing 
years an investigation into the possible causes of tMs dircT^^ure 
led to the conclusion that it must be due to the presence in the 
atmosphere of a small quantity of a ^ h^vier than nirregru 


1 Sir WiUmm Rammy, Memoriak of His Life md l:y tf:r W: 

A TOden (Macmillan. 1918). 
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which, remains with the nitrogen in all those operations, by 
which the moisture, the carbon dioxide and the oxygen are 
removed and the nitrogen left. Lord Eayleigh’s attention had 
been drawn to the old experiments of Cavendish described in 
1785, and of which an account is given on p. 44 , in which with 
characteristic caution Cavendish had stated that if there was 
any portion of the air different from that which entered into the 
composition of nitre it was certainly '^not more than 
part of the whole.” Lord Rayleigh made use of Cavendish’s 
method; that is, he subjecteda limited volume of airto an electric 
discharge, while supplying oxygen in the presence of an alkaline 
solution which served to absorb the oxides of nitrogen as fast as 
they were formed, leaving the unabsorbed gas mixed with the 
excess of o:^gen employed. Lord Rayleigh had appealed to the 
chemical world for suggestions, and Ramsay was the only chemist 
to respond by practical experiment. He made use of the property 
possessed by red-hot magnesium of combining with nitrogen, 
forming a solid compound, a nitride. This method, arranged so 
as to be applied in the form of a continuous process, was more 
rapid than the Ca vendish method, and the result was that by the 
end of July, 1894, the gas afterwards named argon was isolated 
and its chief properties recognised. Argon is a colourless gas dis¬ 
tinguished from all others then known by its density, represented 
approximately by the number 20 (H = 1), and by its inability 
to enter into any form of chemical combination. Ramsay soon 
bepn to look among the rarer minerals for evidence of the 
existence of compounds of argon, and his attention was drawn 
to the fact that the natural uranites on being dissolved in acid 
frequently give off a gas which had always been supposed to be 
nitrogen. On examination of this gas Ramsay found that it 
contamed not only argon but the an element supposed 

to exist in the sun and the characteristic spectrum of which had 
been observed by Lockyer many years before. Helium, like 
argon, is chemically inert. 

The study of the position indicated in the periodic table of the 
elements for these two remarkable substances led Ramsay to 
look for others of the same family, and in 1898 the search was 
rewarded by the discovery of three others, neon, krypton 
and xenon. These five gases form a continuous series which 
stends between hydrogen and the halogens on one side, and 
lithium and the alkali metals on the other, as follows ; 




Hydrogen 

Heliums 

lithium 

*7,' ': - 

1 

4 

1 


Fluorine 

Neon 

dodinm 


19 

20 

23 

rs i 

Chlorine 

Argon 

Pbtaisiium 

i ' 

35-5 

40 

39 

4U 

Bromine 

ExTpton 

Rubidiuin 

ic r’lvjti 

80 

82 

85 

wi 

Iodine 

Xenon 

C^ium 


127 

128 

133 

iOi 


The atomic weights are given here in round liumoers. 

Since 1895, when helium was discovered as a constituent oi 
many minerals, it has been found present in varjing c^uantity in 
practically all natural gases and spring waters. It is a.^D pren-nt 
in atmospheric air in minute pioportion. The density lz th;s 
gas is only twice that of hydrogen, and being, unlike hydrr g:rn ui- 
combustible, it would be very valuable for inflating hadocns and 
airships if obtainable in sufficient quantity at a cost wLith wcurd 
not be prohibitive. In 1915 an invesrigaticn was ^tan-d by 
Professor McLennan of the University of Toronto, at xhv in¬ 
stigation of the British Admiralty, with the object of asceno 
the proportion of hehum present in vaiicus sampirs oi 
gas and of devising a method by which the precious gas cotua De 
isolated in large quantity. Natural gases fmm Qnmm and 
Alberta, Canada, were found to be richest m neiimB, and ineie 
sources were calculated to yield from ten to twelve miiiicn cptuc 
feet per year. The process of separation cousins essentiaay m 
freezing out the hydrocarbons, the cmrbon dioride ana^ iizv 
nitrogen which fonn the bulk of the natural gas as it issues iiom 
the ground, leaving the helium which was present to tUt.- eutcu: 
of 0-33 per cent., uncondensed and nearly free ficm ctn^r r. 
The machine by which this result was aecomp^sUca 
described fully with diagrams by Protessoi McLemiaiu ^ ^ 
lecture delivered to the Chemiiml Society on June n, 

(J. Chem. Soc,, 117, p. 923, July, . 

Ramsay unhappily did not live to tins 
of his discovery, but he did some things in 
which remain unexcell^ in inter^t from tne pru^Div. 

scientific point of view. ^ ^ ^ rw. 

la 1902 the isolation of radmm (X)miK>uiKi5 toj liadamc 
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opened a new field for speculation and researcli. The *'" emana¬ 
tion ’’ always escaping from radium compounds was found to be 
an inert gas. like belium and argon, not permanent like those two 
gases, but undergoing decay from the moment of its liberation. 
With the co-operation of Dr. Frederick Soddy, Eamsay found on 
examination with the spectroscope that helium was a product of 
its decay, and in further experiments the volume of helium set 
free from a known volume of emanation was measured ap¬ 
proximately. The density of the emanation was also deter¬ 
mined by Eamsay in a truly remarkable series of experiments, 
and its molecular weight therefore settled. In view of its 
gaseous character and density Eamsay gave it the name niton 
and assigned to it a place in the series of argon : 

Helium Iseon Argon Krypton Xenon ? Niton 
4 20 40 83 130 176 222 

Eamsay’s views as to the possibility of radio-active emana¬ 
tions being capable of bringing about the dismtegration of the 
common elements led him to make experiments, from the result 
of which he believed that he had succeeded in breaking down 
copper into an alkali metal, and lead into carbon. The diffi¬ 
culties in the way of establishing such results are very great, 
but in a difierent form of experiment Eutherford seems to have 
been more successful. 

Eamsay was fond of travel, and several occasions arose, 
especially after his great fame was established, when business 
led him to undertake excursions to a greater distance than would 
come within the range of a summer holiday. An account of 
many of these journeys is to be found in the ikfe already referred 
to. Several of these, however, deserve mention even in this 
necessarily limited survey. The first was the occasion of the 
visit of the British Association to Montreal in 1884. After the 
conclusion of the meeting Eamsay and his wife made up a party, 
which included a brother of Mrs. Eamsay about to settle in 
Montana, for the purpose of visiting the Yellowstone Park. 

In 1895, in company with Professor W. P. Ker of University 
College, Eamsay took a much needed holiday in Iceland, where 
the opportumty was not lost of collecting water from the hot 
springs at Eeykjavik. The samples were taken home, but were 
found to contain no helium, although a notable quantity of argon. 

^ lb 1897, Eamsay being Resident of the Chemical Section of the 
^rit?ah Ai^ociation at Toronto, advantage was taken of the 
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4, 

facilities granted to Members oi tie \ r 

westward and so to pay a second vt-:: to LntLrn. 
now established on a ranch in Montana. 

In 1900 Eamsay was requested by the tidiar: G v rnn. :/ ‘ 
go out to India and to advise on the be?: way r ntib-' 
splendid gift oSered by Mr. Jamsetjee X. Tata. Tb : ' : ; * 
view was to set up an educational i::st:tut:on in I::b:: *: v., ’ . r 
facilities for higher scientific work, beycnd tie ranr*" : * b *: 
existing Indian universities. One of tie nrtt cn tr t'. 
settled was the locus of the new institution. ann 

Bangalore were both possible sites and in the end the ktie: pkce 
was chosen. Portions of two letters, the second wiitten on tl 
way home, give an idea, though very of tie kn 

journey and immense amoimt of work done betw-tu Nov rnV r, 
1900, when Sir William and Lady Ramsay left London, and tie 
end of February, 1901, when they returned home : 


'' Bombay. 

‘"feoiokr 1: 

We are in India! The exclamation mark expo 
absolute petrifaction and astonishment we teib p-vY p 
thing we see and smell. It is simply overwneiming. i 
all colours from nigger black to pure white, dressea i: 
clothes from none at all, save smiles and a nose mig, 
elaborate turbans, white overalls, and jewels of m- ■ 
through ail shades of white, yellow, orange^greens, 
and purples. No browns or sad colours. It is a spec-tov- 
would make a colour-blind man curse ^hipmu^une. 
oddest groups: a woman witn a nakea cm.u 
sideways, a scuddy of tne maie persim>.on p.,**:*^ - 
talkmg to an old gentleman, with 
turban with a scarlet thread twistedyn n, a„a ^ y 

on his hams, writing a letter fp tne :aa^.. 

" nozzings ’ on except a waist-cloth, and even exptuc::-p 
heads <^used by an early and j^istent up oi _ 

the kind of group that meets you ev^ywpre. ^ c- ^ 
wrinkled and wHte-lmired, with the remains c: ; p 

thmx, with the usual scanty garments, apapy u. 
and a sliort petticoat. Eat, prosperons-^aEg. 
mth wHte turbans and wHte Woums ana 
black bishops’ mitr^ and luiopean oress; m 


the 

i *-* 

b-- LV -.-t 


iULV*. 

e tru: 


u hvr 


i. t 


xr.ti. 

ga 
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on for a week describing, and not exhaust one-tenth of the oddities 
one sees every moment. The crowds are prodigious, they 
swarm and straggle for space to stand or sit on. I am getting 
fluent in ‘ ghar ko jaloo/ etc. The most familiar paix of Hin- 
dostani is the imperative mood, and indeed many Anglo-Indians 
never get beyond it. We have also a Goanese sprite, who goes 
and comes at our bidding. He is supposed to know English and 
readily understands what one wants, but his replies are often 
enigmas. However, with “ nods and becks and wreathM smiles ’ 
we get along pretty well. You will wonder where education 
comes in here. Well, I have had long talks with Mr. Justice 
Candy, the Vice-Chancellor of the Bombay University, and with 
Mr. Giles, the Director of Public Instruction. I have seen a 

reasonably good technical laboratory run by-as a private 

spec. He evidently has a lot of go about him. I have seen the 
Wilson College, where a sort of junior arts and science course is 
given. They too are dependent on the Bombay University, an 
examining body, with afSIiated colleges after the fashion of the 
London University in 1859, when they were founded. I had to 
give a short account of what I intended to do. That is to go to 
Poonah on Sunday afternoon; spend Monday there ; start on 
Monday night for Bangalore and arrive in thirty-six hours; 
thence to Madras, where we spend some days ; thence to Calcutta 
by sea (Xmas on the ocean), and stay over the Xew Tear at 
Calcutta. Then up the Ganges valley to Benares, etc., as far as 
Lahore, I think, and then back to Bombay by Allahabad. 
Padshah, the secretary, will not come with us. I want to see 
thiags with my own eyes, and not through his spectacles ; he is 
theosophist, vegetarian, altruistic, and an admirable Crichton 
after the Indian model. We are going to see the Towers of 
Silence on Thursday. On Saturday we are to see the caves of 
Elephanta and also Jam temples. But the streets are the real 
attraction. We spent a couple of hoxirs this morning wandering 
through the markets.” 

“ P. & 0. Steam Navigation Co., 

“ SS. CaledGnia, 

19. ii, 01. 

''The site I have fixed on is Bangalore. The climate is 
excellent, neither too cold nor too warm. It is 4,500 feet up and 

there is a sort of fresh feeling like that on the top of a hill. There 
* 



is a geological station tnere. an a 23 ^en!t"'u^ ^ ^ , 

such as exists in India. They oSer a sn>r:d:d V' • -, 
extent, in the best i^rt of the to^. ^hieh - 

have £1.200 a i^ear to piav with, a sum which * 7^ ., 

Mysore state as the result of a disputed leirarr '.:n: w'- 
wish to spend for the good of the state. Th- r^-w^r/i-^ 
show a huge surplus which can't he annexed hw th-'- 5lV"£r “V 
for he has a private allowance of £:5C*.^'^. Ahc Th-- 

Falls, 40 miles from Ban^lore. are heir;a ccnn-f-^ed -‘-r. 
Kolar goldfields 45 miles in the other direeticn and ^-he i-iri-ha*- 
within 7 miles of Bangalore. Thev are ncin t to wh" 

H.P., but measurements show that for eiaht months f th- v-rr 
100,000 could he got. Lastly there are Adless denrishs of iion 
ore, manganese, magnesia, etc., near, all of whMi minht 
exploited. ... 

The Committee have asked me to nominate the £r‘r mem¬ 
bers of staff, and I have suggested names.” 

In the year 1904 the Nobel Prize for Chemistrv was nward^^d 
to Ramsay, while the prize for physics went natural!v to L>rd 
Rayleigh. They both went to Stockholm to receive th- prb s 
&om the hand of the King. In a letter to his friend J!r. 
Ramsay gave an account of their doings, fmm which the following 
passage is sufficient: 

"We had a most gorgeous time for nearly a week. dinin2 
with all the celebrities, including old King Oscar. The .H 
gentleman was very kindly and took Jjyrd R. ar.d me irr j Lis 
private room and showed ns all his curiosities, the permit = c: ais 
sons when they were children and his reliques of Gu-tawa- 
Adolphus and of Charles XII. The Crewn Pnnee tr.d hlaa a" 
it was a difficult job to be a king, thereby cenfinning the Swan c: 
Avon. He said that whatever one supposed that a Nm’ riai 
would do, he invariably did the opposite. Indeed, there was 
nearly a bloodless revolution while we were there: ^ the rtm- 
Minister of Norway was there, and I believe tne cinemma 
only postponed.” 

In 1^7 a visit was p^id to Roland with the omect or rnas:i:g 
the accfuaintanc^ of the fenuly ot Ramsays, wn:, p map- 
originally &x>ts settled in Sw^oi, had for many genern'ic L-1 1 
at Helsingfors. 
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Iq 1904 Eamsay became president of the Society of Chemical' 
Industry, and on this occasion the annual meeting was held in 
New York. This involved an address, and after the meeting the 
President and many of the members made a tour of visits to 
Philadelphia, Wasliington and other places, including St. Louis^ 
where they visited the Exhibition and Ramsay gave a lecture on 
Present Problems of Inorganic Chemistry ” which was after¬ 
wards printed by the Smithsonian Institution. In 1908 and 
1909 he also held office as President of the Chemical Society, and 
in 1909 he was chosen as President of the International Congress 
of Applied Chemistry, the meeting of which was held in London. 
At the previous meeting in Rome in 1906 there had been much 
discussion among the English delegates as to the choice of 
President, but the question was ultimately settled by appointing 
Sir Henry Roscoe, who was then an old man. Honorary Resident. 
Ramsay had very special qualifications for the office in con¬ 
sequence of his extensive personal acquaintance with chemists 
from all countries, his eminent services to science and his re¬ 
markable readiness in using foreign languages. This gift has 
already been hinted at, but it deserves to be remembered, for 
Ramsay himself was fully aware of the unusual quickness with 
which he was able to acquire a sufficient vocabulary to carry on 
communication in any new tongue. This he turned to account in 
the few days’ journey to Iceland, in his visits to Sweden and 
Finland, and on the voyage out to India when he worked at 
Urdu. 

At the meeting of the Congress which was held in the Albert 
Hall, with the Prxnce of Wales (King George V.) in the chair, 
Ramsay addressed words of friendly greeting to the foreign 
delegates in French, German and Italian successively. 

In 1911 he was President of the British Association at Ports¬ 
mouth. 

After it was all over he went for a trip to Rio de Janeiro and 
tock for a change and rest. 

At the end of the summer session in 1912 he retired from the 
pxoiessoisliip at Univeisity College, having occupied the chair for 
twenty-five years. 

He purchased a house and garden at Hademere, between two 
and three miles from High Wycomhe, and having arranged a 
iabomtory there he hoped to be able to continue his chemical 
i^em^ehes. 
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In July, 1914, tie Britisli Asscciaticn Laving gene te A^is- 
tralia, the Eamsajs, vnxh their sen and danshter. c- 
themselyes with accepting the invitation of the n 

Francaise to the meeting at ^vre. War was not enn ot-d on 
July 19rh, when they made their plans, and even dentn ‘c- 
August 2nd while they were in Havre thev enn-ttrd t*. I- ..Lie 
to stay at some place on the coast. Of course in a P*w Lour? 
they found that they must take the first cpntrtunitv :: retnrninr 
to England. Immediately after reaching hr me Ram>av iLr-w 
hiinself enthusiastically into work connected vdth tl- national 
defence and offence, and he became a very active m-m Cr-r rd 
Eoyal Society Committee. But the malimiant di^'U:^-:* vLkh 
ended his life was already at work, and after several s:ur:eal 
attempts at cure, and months of j^in, death breugh::-lief. E- 
lies in the churchyard at Haziemere. 

Together with his activity of mind, his originaihy and Lis 
indi^try, Eamsay^s remarkable skill in manipulatiin, esp-ciolly 
in constructing and managiog glass apparatus, cenrributed ::: no 
SQaall degree to Ms success in research. Xo man since Davy had 
made in chemistry discoveries of such a fundamental and far- 
reaching character, and no man since Davy had received such 
recognition alike from the scientific world and the contempomry 
public. Honours fell tMck upon him. He was made E.C.B. in 
1^2, and from fimt to last he received honorary degrees or 
membership of all the most prominent Univemities and Academies 
in the world. But those friends who enjoyed bis intimscy will 
remember most vividly the man, his eheerfoJness and g^d 
humour, his helpfulnej^ on all (x^sions, his private charity and 
benevolence and the simplicity and purity of Ms life. He never 
forgot old friends, and in the midst of Ms greatest sci^tific 
triumphs he was scx-e^ble to the youngest student and to any, 
even a stranger, who was in of help. 
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It is now about fifty years since Alexander Williamson ttonglit 
it necessary to ad&ess to the Chemical Society of London a 
lecture on the Atomic Theory of Dalton, in which he sought to 
convince chemists of the physical reality of atoms as the ultimate 
particles to which all kinds of matter could be reduced. Ideas 
on this subject have advanced very far since that day. The 
conception of the atom, derived from antiquity and accepted by 
Kewton. was applied by Dalton to explain some of the properties 
of gases, as he knew them, as well as to account for chemical 
combination occurring only in definite proportions. The associa¬ 
tion of atoms in groups to form molecules was an idea only slowly 
assimilated by the chemical world, and the word " molecule ” is 
to be found in chemical literature only rarely before the occasion 
of Cannizzaro’s famous exposition. 

The arrangement of atoms in order within the molecule under 
the control of valency ” has been traced with remarkable suc¬ 
cess by the students of stereo-chemistry during the last forty to 
fifty years, and the means of determining the relative weights of 
molecules and atoms have been gradually developed and have 
become familiar in every chemical laboratory. 

A step in an entirely new direction was taken when it was 
shown by Sir J. J. Thomson that the particles flying from the 
cathode in the experiments on electric discharge in gases under 
very low pressure are not molecules, as supposed by Crookes, but j 
are much smaller than any known atoms or molecules of common + 
matter and are, in fact, the minute bodies called “ electrons ” 
which are now recognised as atoms of negative electricity. Their 
mass is equal to about of the mass of an atom of hydrogen, 
the lightest of known elements. 

Electrons are set free in a variety of other ways, by the action 
of ultra-violet light on metals, and from many surfaces when 
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iieated, nlso especially from mdio-acti^ substarccs. 
pbtained from difierent atoms are found to be tb- 
it appears tiat tie atoms of eaci element consist ri 
particles associated vdth a positive nueleji Vhici c 

greater part, of tie mass of tie atom. It has also b^en nU'.- 
that tie number of electrons in an atom is the 
number representing tie position of th e element in a r * s 
tie dements except argon and tellurimn arranged 
atomc weight* Tnis is called tie atomic number and foilr 
position of tie several elements, except in tie two cases menti-Lr^.-^ 
in tie periodic scheme originally proposed by Mendeleen. 

' In tie seriesH = 1, Bi= 4, li = 7^Gl~ 9, B = HX = 1% 
etc., the order or atomic number is, 1, 2, 3,4, 5, 6, etc., and in an 
atom^ of hydrogen there is one electron, in an atom of helium 
two, in an atom of lithium three electrons, and ^ on. 

Tie number of molecules in a cubic centimetre of anv iras can 
now be deduced from tie results of several digerent methc^, and 
hence also tie dimensions of tie molecule and the mass of the 
individual atoms. 

Tie discovery of X-rays by Rontgen has been followed by a 
great extension of knowledge of many phenomena in imses. 
These rays in passing through a ga-s cause it to become con¬ 
ductor of electricity, and this conductivity is due to the produc¬ 
tion of charged ions. 

The study of radium, which was isolated by Madame Cmie in 
1899, has contributed in no small degree to the development of 
the subject, for the disintegration theory of Rutherford and 
Soddy has been fully substantiated by sui^quent enquin". We 
now know that the radio-active properties of this eluent, and 
of others, such as polonium and actinium, also assc»ciated with 
uraniuin ores, are due to the Spontaneous breakiiig up of 
atoms of such elements and simultaneous escape of electricallv 
charged particles with great veloGity, These particles are either 
electrons (^-rays) or electrically charged j^rticles of helium 
^a-rays). The escape of helium from so nmny substances, 
ogether with the fact that the atomic weights of imny known 
elements in the periodic table differ by foiur units (the atomic 
weight of helium) has led to the surmise that helium is a con¬ 
stituent of many of the common elements. 

The process of radio-active change goes on through a suc¬ 
cession of stages Elding in smne resiiual sutetance, an oidicsry 
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element wHci. is no longer radio-active. In tlie case of radium 
this product is lead. Bv a somewhat similar series of steps from 
thorium lead is also produced, but the lead resulting from the one 
series of changes is not identical with the lead from the other, 
though as regards all ordinary properties they are indistinguish¬ 
able. These varieties of lead and several others differ among them¬ 
selves in atomic weight the value of which lies between 206 and210. 
They have been called isotopes by Professor Soddy because they are 
found at the same place in the periodic scheme of the elements. 
Probably common lead is a mixture of two isotopes ; it has an 
atomic weight 207-2. But there are other elements which 
appear to exist in isotopic forms. Thus chlorine, which has 
always presented a problem in connection with its fractional 
atomic weight, 35*5 or thereabouts, is believed to be a mixture of 
two gases. 

It has already been mentioned that radium in the course of 
its disintegration gives radiations of two hinds. One of these is 
produced by electrically charged particles of helium constituting- 
a-iays, while the other is due to electrons or /?-rays. The 
a particle* moving very swiftly seem to be able to breakup atoms 
of some of the lighter elements, such as nitrogen and oxvgen, 
when brought into collision with them by discharging "such 
radiation through the respective gases. According to Sir Ernest 
Putherford the particles liberated from nitrogen as the result of 
these collisions are atoms of hydrogen. But nitrogen appears 
also to be capable of yielding particles of greater mass (atomic 
weight probably 3), carrying two charges. IVhile it appears 
certain that disintegmtion of elemental electrically-neutral atoms 
can be ehected by impact of the o. particles from radio-active 
matter it is obvious that here is a wide field for further experiment, 
and for mucn speculation as to the constitution of our atmosphere 
and the gaseous envelopes of the sun and other heavenly bodies. 
In common ctir, lor example, there must be always present not 
only the oxygen, nitrogen, carbon-dioxide and other gases familiar 
to tne chemist, but various claves of ions which render the gas 
conductive and which may be either negative or positive and of 
difierent masses. 

Among the new work which has been going on through the 
last few yearn the study^ of crystal structure by means of the 
X-rays stands out conspicuously. It is impossible to explain 
even the results m a few words, but for those who are interested 
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from the chemical point of view the lecture siven 1 v P: ‘ - 

W. H. Bia-gg to the Chemical Society in Febraan\ r 

the clearest exposition possible in connecricn wiVn t 

subject. Briefly and cradely stated, the end of th- 
it is now possible to show that the atoms in crvsta's ar- -vt ::: 
planes separated from one another by distances ccmrai.-Ll- v./d 
wave lengths of light. The atoms are arranged in tie - in 
order, but there is no distribution of the atoms iiitr jn 
In common salt, for example, the sodium and the chloiir:e 
are dispersed throughout the structure in a similer n:ar::>*r. 
Each chlorine has for neighbours six sodium atoms and each 
sodium is surrounded by six chloriiie atoms, the sodium and 
chlorine atoms lying alternately in any g-iven plane. TLe 
crystal is therefore uniform in constitution throughout, and raeh 
crystal must be regarded as one molecule. 

By methods such as these derived from physics a science of 
ultra-chemistry has been gradually evolved, and the structure cl 
all matter and of the constituent atoms of matter is now oife^n to 
the mental vision. 

Though none of the chemists whose persona! and experi¬ 
mental careers have been delineated in the foregoing pages could 
have foreseen either the methods employed or the conclusion’^ 
reached, each one has contributed unconsciously a step or two 
toward the present position. 

Robert Boyle for the first time gave a definition of an element 
as distinguished from a compound and indicated the prineipl-s 
by which real chemical species could be discriminarrd. Am*-: 
his time for a century the workem in the fields of chemistry were 
necessarily occupied in isolating from the eompucutea matenu.s 
presented by nature the indhddual elements and ccmpcuncs at.a 
determining the specific characters of each. The riinerrut 
of air, mysterious as they had always been, were hreugnt uric.^r 
experimental control and their relation to solid and licuic 'ui- 
stances established. The composition of water became k::cwr 
and something of its real properties and functions in r^uturc mu::- 
out. By the end of the eighteenth century Black a::d 
Scheele, Cavendish and Lavoisier had done their werk, erd 
beginning of the nineteenth century was a peiic cl ci m i lu pi 
gress. The work of Davy in utilising the discovery of 
electricity on the one hand and the laDonous expiimit ut- < . 
Proust, ‘'Gay-Lussac and Berzelius provided the 
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justification for tie establishment of the Atomic Theorj of 
Dalton. 

The definite character of all chemical combinations, ex¬ 
changes and reactions was fully realised within the first twenty 
years of the nineteenth century, and Faraday’s discovery and 
enunciation of tie quantitative relations between electric 
currents and chemical decompositions served to prove the 
essential identity of electrical and chemical phenomena. Avo- 
gadro’s fundamental principle, though so long held in abeyance, 
was the means of enabling chemists to determine confidently the 
relative masses of molecules and atoms, and with the idea of 
valency, introduced by FranHand, to lead on to notions of 
structure within the molecule. The discovery of the non-valent 
elements by Rayleigh and Ramsay completed the scheme of 
elements conceived by Mendeleeff, while the researches of Crookes 
on the electric discharge in gases, and the discovery of radio¬ 
active matter by Becquerel and Curie brought the science of 
chemistry to the limit beyond which further progress toward a 
knowledge of the essential nature of matter could only be 
secured by the use of new methods. 

Already chemical operations are largely directed by pre¬ 
liminary study of formulae, and probably in generations to come, 
when the constitution of each element is known, the effects of 
bringing into contact any two elements or compounds will often 
be calculated beforehand and the properties of the products of 
any given chemical reaction predicted. Advantages in the 
saving of labour and material are obvious. By that time also 
the science of physiology will have advanced so far that the 
practice of medicine will be no longer empirical and, though, in the 
opinion of the writer, it is improbable that the origin of life and of 
the difierenc^s between living and dead matter will ever be finally 
determined, the conditions of Life for the human race will be so far 
improved that its term will be extended generally beyond the 
hundred years now thought to be almost miraculous. 

When that day comes it will be the duty of some future 
chronicler to recall the names and the labours of the chemists and 
tie physicists to whom the advances now foreshadowed are due. 



THE END 
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